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SUMMARY 
A virus causing mosaic disease on launaea (L. aspleniifolia 
Hook f.), prevalent in North India was isolated, charactersized 
and identified. 
The virus is transmitted by mechanical sap inoculation, by 
two species of aphids viz. Aphis craccivora and Myzns 
persicae in non-persistent manner and by grafting. However, 
dodder (C. rejhxa) and seeds from LaMV infected plants failed 
to transmit the virus. The virus is not transmitted by soil from 
around the roots of infected plants. 
Experimental host range studies indicated that the virus has 
a moderate host range, infecting 26 species of plants 
distributed in nine families, however 38 species were found to 
be immune. Local lesions were produced on C. amaranticolor, 
C. album, C. nmrale, C. quinoa, Vicia faba and D. melel. 
But the C. amaranticolor was found to be most suitable for 
assay purpose. 
The virus has a thermal inactivation point between 50-55"C, 
dilution end point between 10"'' and 10"^  and longevity in viiro 
at room temperature (25±50C) 84 h and at A'^C 156 h. 
Launaea mosaic virus (LaMV) attained maximum 
concentration in D. metel leaves 12 days after mechanical 
inoculation. LaMV was isolated by a procedure involving 
extraction in 0.2M phosphate buffer pH 6.8 containing 0.1% 
sodium sulphite and 0.1% EDTA. The extract was clarified by 
30 per cent chilled chloroform. The virus was precipitated by 
6% PEG and 0.125% NaCl followed by differentia! 
centrifugation. Removal of host contaminants was achieved by 
rate zonal density gradient centrifugation linear sucrose columns. 
Purified preparations gave a spectrum typical of 
nucleoproteins when examined in a UV-spectrophotometer with 
A,,,^ ^ and A,,,j,, at 258 and 240, respectively A^JA^^^ ratio is 
1.164, indicating approximately 5.52%) nucleic acid (RNA) in the 
virus particle. SDS-PAGE of viral capsid showed only one type 
of protein sub-unit having a molecular weight of c. 33,500 
dalton. 
Purified virus preparation showed flexuous rods c. 730 nm 
long and 12 nm wide in the electron microscope. Ultrathin 
sections of LaMV infected D. metel leaves showed cytoplasmic 
cylindrical inclusions comprising pinwheels, scrolls and lamellar 
aggregates. 
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An antiserum was raised against LaMV which had a titre of 
1:2048 and the antigen titre of 1:512 as determined by tube 
precipitin test. In immunosorbent electron microscopy, the 
maximum trapping and decoration was observed with DLDV, 
PTV, PRSV and TEV. The LaMV showed close serological 
relationship with DLDV, PTV and PRSV 
On the basis of its characteristics and comparison with 
serologically related viruses and RT-PCR the virus causing 
mosaic disease on launaea is identified as a distinct virus of 
potyvirus group. 
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INTRODUC ^ 
INTRODUCTION 
Living things that are neither human nor domesticated are 
said to be "wild life". The term wild life includes animals as 
well as plants which form a part of any habitat in nature. Wild 
plants are not useless. They are source of food, fodder, 
medicines etc. Medicinally wild plants are much more important 
than cultivated plants. 
A survey of MacClement and Richards (1956) in Canada 
showed that the frequency with which some of the wild plants 
are infected with viruses is high. Virologists have been primarily 
concerned with viruses causing economic losses in cultivated 
plants overlooking many weed species that grow in and around 
cultivated areas. These weeds may act as reservoirs of viruses. 
In all probability most economically important viruses have 
moved from wild plants to cultivated ones when new crops have 
been introduced into an area. Viruses that are introduced with 
cultivated plants often infect wild plants which form a permanent 
reservoir of virus for further cultivated crops. Interest in viruses 
in wild plants may result in greater efforts to prevent virus 
spread from them. Bennet (1952) expressed the opinion that 
"there are still many viruses in weeds waiting to escape into 
cultivated plants and can be considered "emerging" viruses as 
described recently for human viruses (HIV)". 
Launaea is a herb with long slender roots narrowly obovate, 
lobed and toothed leaves and yellow paniculate flower heads 
found throughout the plains of Northern India and West Bengal 
extending southward to Andhra Pradesh and is also met within 
the Andamans. 
Launaea is found in waste land as well as in and around 
cultivated fields in Northern India. This plant has been given the 
name Titlia, Ban gobi, Jangli gobi in Hindi; Tik-Chana in 
Bengali; Dhud phad in Rajasthani; and Batthal and Dudhlak in 
Punjabi. The roots of Launaea aspleniifolia in combination with 
other drugs are used as galactogogue by the Santals (Kirt. & 
Basu; 1935). The young leaves of L. glomerata are eaten locally 
as a salad. A decoction of the herb mixed with wheat meal is 
applied as a poultice to sore eyes (Kirt. & Basu; 1935). A 
decoction of L. mucronata is administered in constipation (Kirt. 
& Basu, 1935). 
L. nudicaulis is used as fodder for goats. It is also used 
locally in curries (Santapau, 1953; Kirt & Basu, 1935). L. 
sarmentosa (= L. pinnatifida) is reported to possess tonic, 
soporific, diuretric and aperient properties and used as a 
substitute for taraxacum. Leaves are eaten during famine. The 
herb is fed to buffaloes as a galactogogue (Kirt. & Basu, 1935; 
Chopra, 1958). 
During a survey of viral disease in 1994-95, in and around 
Aligarh launaea (Launaea aspleniifolia Hook f.) showing 
characteristic mosaic symptoms was suspected to be infected with 
a virus. Therefore, an attempt has been made to identify the 
virus causing mosaic disease on L. aspleniifolia on the basis of 
symptomatology, host range, transmission, biophysical properties, 
morphological characteristics of virus particle, some physico-
chemical properties, ultra structural studies of infected tissues, 
serology and RT - PCR. 
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REVIEW OF LITERATURE 
The screening of the literature revealed that not many 
viruses have been reported on launaea. However, Launaea 
aspleniifolia has been reported as a host of Tobacco leaf curl 
virus by Pruthi and Samuel (1945). A mosaic disease of L. 
nudicaulis was described by Padma et al. (1973) from New 
Delhi, India. They designated the virus as Launaea mosaic virus. 
The virus was transmitted by grafting as well as by the aphid 
vector Myzus persicae. It has a very limited host range restricted 
only to Launaea spp. 
Concentration of the virus was determined by Padma et al. 
(1974) in the tissue culture cultivation of mosaic infected leaves 
of L. nudicaulis. Concentration of the virus was similar to that of 
glass-house material but the incubation period was shorter in 
inoculum from the tissue culture. The electron microscopy of 
Launaea mosaic virus by Verma and Singh (1975) revealed that the 
particles are thread like having measurement of 750-930x16-18 nm. 
Naqvi and Mahmood (1976) also reported a virus causing 
mosaic disease on launaea from Aligarh, India. The virus causing 
mosaic disease on launaea was designated as Launaea mosaic 
virus (LaMV). It has a very wide host range, infected several 
plant species belonging to different families. The same authors in 
the year 1977 purified this virus by using O.IM PO^ buffer 
pH 6.5 and 0.3M sodium sulphite as an extraction medium 
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followed by differential centrifugation. The virus has one 
centrifugal component with a sedimentation coefficient of 60S 
having spherical particles of 30-35 nm. An antiserum to the virus 
was raised and it was found that LaMV was serologically unrelated 
to spherical viruses viz. Amaranthus mottle virus and Cucumber 
mosaic virus. 
Individual and combined effect of Launaea mosaic and 
Spinach mosaic viruses on the growth of tobacco was reported by 
Naqvi et al. (1978). Simultaneous inoculation of these viruses 
reduced the growth of Harrison's special, White Burley and Samsun 
NN tobacco to a much greater extent than did inoculation with 
either virus alone. It was found that all plants of Samsun NN died 
after combined inoculation. 
In their studies for screening of new hosts of this virus Naqvi 
et al. (1981) reported Papaver rhoes L., Peristrophe bicalyculata 
Nees, Trianthema portulacastrum as local lesion hosts whereas 
Coreopsis tinctoria Nutt and Matthiola incana R. Br. were found 
to be new systemic hosts. In an improved method of purification 
for this virus Naqvi et al. (1990) found carbon tetrachloride more 
effective in purifying LaMV. They found that the infectivity of 
LaMV obtained by this method was much higher as compared to 
LaMV obtained by the method applied earlier for the purification. 
Table: Showing Launaea spp. naturally infected with virus(es): 
S. Name of 
No. virus 
Species of Morphology/ 
Launaea particle size 
Reference 
1. Launaea 
mosaic virus 
2. Launaea 
mosaic virus 
Launaea 
mosaic virus 
(LaMV)s 
L. nudicaulis — Padma et. al. 
(1973) 
L. nudicaulis thread like Verma and Singh 
(750-930x16-18 nm) (1975) 
L. aspleniifolia spherical Naqvi and Mahmood 
(30-35 nm) (1976,77) 
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MATERIALS AND METHODS 
This chapter deals with the materials used and the general 
procedures that were followed. 
1. CULTIVATION OF PLANTS 
All plants were grown in clay pots of 4" and 6" diameter 
in a mixture of sand, soil and farmyard manure in a ratio of 
1:2:1, which was sterilized by autoclaving for 1 h at a pressure 
of 20 lb per sq.inch. The clay pots were sterilized by rinsing 
with 4% formaldehyde solution. Pots were filled with soil 
mixture 24 h after rinsing. The seedlings were raised in shallow 
pots of 10" and 12" diameter and transplanted singly in the pots 
of 4" and 6" when they were 2 to 3 weeks old. The plants of 
families in which transplantation is not necessary, like 
Cucubitaceae and Fabiaceae were raised by directly sowing in 6" 
pots. The plants were used 2 to 3 weeks after germination for 
inoculation and inoculated plants were kept in an insect proof 
glass house at room temperature. 
2. VIRUS CULTURE AND METHOD OF INOCULATION 
The isolate obtained from an infected Launaea aspleniifolia 
plant growing near the Department of Biochemistry, A.M.U., 
Aligarh was used as a source of inoculum in this study. The 
plants exhibiting shortening of leaves, dwarfing and mosaic 
symptoms on leaves were taken and these leaves were macerated in 
a mortar with pestle with simultaneous addition of phosphate buffer 
(0.2M, pH 6.8). For each gm. of plant material 1 ml buffer was 
used. The homogenate was squeezed through two layers of cheese 
cloth and centrifuged at 5,000 rpm for 10 min. All inoculations 
were made using the forefinger and employing carborundum (500 
mesh) as an abrasive. After inoculation, the leaves were rinsed in a 
gentle stream of water. A single lesion culture from Chenopodium 
amaranticolor was used to avoid any possible contamination. 
Culture of the virus was maintained by usual mechanical inoculation 
on Datura mete I at 4-5 leaf stage. 
3. TRANSMISSION 
Various methods of transmission were tested to ascertain the 
spread of virus in nature. Standard methods and modifications 
have been detailed in the following text. 
(i) By Sap Inoculation : 
Preparation of standard inoculum 
Young infected leaves of D. metel showing prominent 
symptoms were macerated with requisite amount of phosphate 
buffer (0.2M pH 6.8). 1 ml buffer was used for each gram of 
infected leaves. The slurry was squeezed through double folds of 
cheese cloth and centrifuged at 5,000 rpm for lOmin. and the 
supernatant thus obtained has been termed as Standard Inoculum 
(SI) in further tests. 
Inoculation 
Inoculations were made by rubbing the fore-finger dipped in 
the SI on the adaxial surface of leaves of the test plants 
predusted with carborundum (500 mesh). Three to four lower 
most leaves were inoculated and were rinsed by a gentle stream 
of water soon after inoculation. 
(ii) By Aphids : 
Rearing of aphids 
Colonies of virus free aphids; Aphis craccivora Koch. A. 
gossypii Glov, Brevicoryne brassicae L. and Myzus persicae Sulz. 
were reared on appropriate host plants. Four plants were covered 
by an insect proof cage and placed on a zinc tray. The bottom 
of the tray was covered with a layer of wet sand to prevent the 
aphids from passing through chinks between the tray and the rim 
of the cage. The cages had a wooden frame. The top and two 
sides of the cage were closed by glass-panes and the other sides 
by muslin cloth or wire gauze. Each new colony was started by 
placing about 10 aphids on fresh plants. The colony of the 
aphids was reared at 22°C under continuous light. 
Production of virus free nymphs 
Viviparous adults were starved for about 3-5 h at room 
temperature and then placed on a detached leaf of appropriate 
healthy host plant in a petridish. The atmosphere inside the 
petridish was made humid by covering the inner surface with wet 
filter paper. Newly-borne nymphs were transferred to a fresh plant. 
Aphid transmission 
Transmission studies were performed using aphids from tiie 
healthy colony. Aphids were collected from the plant with a 
moistened paint brush. Transmission was tried using both nymphs 
and adults. To ascertain the nature of transmission i.e. either in 
non-persistent or in persistent manner the following procedures 
were followed. 
Non-persistent 
1. Pre-acquisition starvation period 2 to 3 h 
2. Acquisition access period 30 sec. to 2 min. 
3. Inoculation access period 30 sec. to 2 h 
4. Number of aphids/plant 5 to 10 
The nymphs were stored for 2-3 h in a petridish having the 
inner surface covered with a wet piece of filter paper before an 
acquisition access period of 30 sec. to 2 min. on the leaf of the 
diseased plant. After allowing acquisition feeding time, the 
nymphs in batches of 10 were transferred to each healthy 
seedling and the plants were covered with Leztz cages for an 
inoculation access period of 2 h. The nymphs after the end of 
inoculation access were killed by spraying with 0.2 per cent 
dimecron (insecticide) and the plants were kept in an insect 
proof glass-house for the development of symptoms. Back 
inoculations from each plants were made to an appropriate assay 
host i.e. C. amaranticolor. 
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Persistent 
1. Acquisition access period 6 to 24 h. 
2. Inoculation access period 48 h 
3. Number of aphids/plant 5 to 10 
In this process nymphs without being given any pre-
acquisition starvation were allowed acquisition access for 6-24 h 
on diseased leaves followed by an inoculation access period of 
48 h on indicator plants. The nymphs after the end of 
inoculation access period were killed by spraying 0.2 per cent 
Dimecron (insecticide) and the plants were kept under insect 
proof glass house for the development of symptoms. Back 
inoculations from each plant were made to C. amaranticolor. 
(ill) Dodder transmission 
Seeds of the dodder {Cuscuta reflexa L.) were sown in a 
petri dish. After germination the seedlings were trained on D. 
metel plants which were inoculated after the dodder had 
established on them. After one week of inoculation of D. metel 
the stems of the dodder were placed and allowed to train on 
healthy D. metel plants placed near the infected D. metel plants 
having dodder established on them. These plants were kept in an 
insect proof glass house for observation of symptoms for two 
months. Back inoculation from dodder inoculated plants were 
made to C. amaranticolor to ascertain the presence of the virus. 
(iv) Soil transmission 
Soil was collected from and around the naturally infected 
launaea {Launaea aspleniifolid) plants and roots, debris and 
stones etc. were removed. The soil was divided into two parts : 
one part was autoclaved at 15 lb pressure for 1 h which served 
as control and the remaining other part left as such. Healthy 
seedlings of susceptible plants were transplanted in autoclaved 
(control) and unautoclaved soil separately contained in pots. The 
plants were transferred to an insect proof glass house and 
development of symptoms were observed till a period of two 
months after transplantation. Back inoculation from each plant 
were made to C. amaranticolor to ascertain the presence of 
virus in them. 
(v) Seed Transmission 
To determine the possibility of the virus, being carried 
through the seeds of infected plants experiments were carried out 
as detailed below. 
Sowing on method 
Seeds were collected from infected and healthy plants and 
were sown separately in autoclaved soil in an insect proof glass 
house. After seedling emergence, the plants were observed till six 
weeks and were sprayed with 0.2 per cent Dimecron (insecticide) at 
weekly intervals to prevent insect infestation. Back inoculation were 
made to C amaranticolor to ascertain the presence of virus. 
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Infectivity test method 
Leaf tissues of such plants, grown as above, were macerated 
in suitable buffer and the sap obtained was inoculated manually 
on diagnostic host of the virus. 
(vi) Graft transmission 
Ten 6 weeks old D. metel plants growing in 6" pots, were 
selected and used as stock. Ten D. metel plants inoculated 12 
days earlier with LaMV and having the same stem diameter as 
the healthy ones were selected and used as scion. The upper 
part of the stock was removed with a sharp razer blade and a 
downward slit was made in the stem. All leaves except a few 
on the lower side were removed from the stock. The upper part 
of the scion was cut with a sharp razer blade and all the basal 
leaves were removed from this portion. The cut end of the scion 
was trimmed to a wedge and inserted into the slit made in the 
stock. The depth of the cut in the stock was kept equal to the 
length of the wedge. The operation was done very quickly in 
order to prevent drying of the cut surfaces. After insertion of 
the wedge in the stock, wet cotton was wrapped around the 
point of insertion and tied and the plant covered with a 
polythene bag, the inner side of which was rinsed with water. 
The plant was kept covered with the bag until the graft union 
was healed. The development of symptoms were observed and if 
no visible symptoms developed, back inoculations were made to 
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C. amaranticolor to ascertain the latent infection, if any. 
4. SELECTION OF LOCAL LESION HOST 
Various local lesion hosts of the virus found during the host 
range studies viz. Chenopodium album L., C. amaranticolor 
Coste and Reyn., C. murale L., C. quinoa Willd., Datura metel 
L. and Vicia faba L. were inoculated with standard inoculum. 
The plants were kept in an insect proof glass house for 
development of symptoms. The local lesions developed on the 
inoculated leaves of these plants were counted and compared to 
select the most suitable local lesion host. 
5. HOST RANGE AND SYMPTOMATOLOGY 
Several species and varieties of plants belonging to 
different families were screened for the susceptibility to the virus 
under study, by mechanical inoculation. For each gram of the 
material 1ml of the buffer was used. At least four plants of 
each species/variety/cultivar were inoculated with SI and the 
same number of plants were left as control. Most of the test 
plants used during host-range studies were young at 4-6 leaf 
stage. Inoculated plants were kept in an insect proof glass-house 
and observed till two months for development, sequence and 
severity of symptoms. Standard inoculum from plants with 
apparently no symptoms was prepared and inoculated on C. 
amaranticolor to ascertain latent infection, if any. 
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6. BIOPHYSICAL PROPERTIES 
Techniques as detailed by Noordam (1973) were employed 
for determining dilution end point (DEP), thermal inactivation 
point (TIP) and longevity in vitro (LIV). Studies were carried 
out both in systemic and local lesion host. 
(!) Dilution end point 
Young leaves of D. metel inoculated 12-16 days earlier 
were macerated in a mortar with pestle and the sap was 
obtained by squeezing the macerate through two layers of cheese 
cloth. Ten fold dilutions (lO', 10^ \0-\ 10"^ lO'^  and 10"^ ) were 
made of the sap by the addition of phosphate buffer (0.2 M, pH 
6.8). From each dilution four plants of C. amaranticolor bearing 
leaves of almost equal size were inoculated manually using 
carborundum (500 mesh) as an abrasive. The leaves of the plants 
were washed by a gentle stream of water immediately after 
inoculation. Local lesions developed on the inoculated leaves 
were counted after one week. 
(ii) Thermal inactivation point 
The sap was obtained by macerating the young leaves of D. 
metel inoculated 12-16 days earlier, in a mortar with pestle. The 
macerate was filtered through two layers of cheese cloth. The 
sap thus obtained was divided into 10 aliquots of 10 ml each 
and were kept separately in glass vials. The glass vials were 
held in water bath in such a way that the sap level was slightly 
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below the level of water in the bath. The different aliquots were 
heated at 40, 45, 50, 55, 60, 65, 70, 75, and SO^ C for ten 
minutes and then cooled by dipping in cold water, immediately 
after the treatment. Each aliquot was inoculated to four C. 
amaranticolor plants and the same number of plants were 
inoculated by unheated (control) sap. Local lesions produced on 
the inoculated leaves were counted. 
(iii) Longevity in vitro (LIV) 
Young leaves of the D. metel inoculated 12-16 days earlier 
were homogenized in a mortar with pestle and the sap was 
obtained by filtering the pulp through two layers of cheese 
cloth. Two aliquots of the sap were made and one of them was 
stored at A^C, while another at room temperature (20±5°C). Four 
C. amaranticolor plants of the same age bearing leaves of 
almost equal size were inoculated with the sap from each 
aliquot, separately at different intervals up to several days. 
Inoculations were made manually using carborundum (500 mesh) 
as an abrasive and the inoculated leaves were washed by a 
gentle stream of water soon after inoculation. Local lesions 
developed on the inoculated leaves were counted. 
7. PURIFICATION 
A pre-requisite for determining the intrinsic properties of a 
virus is its availability in a reasonably pure state. Identification 
of virus particles and correlation of infectivity with such 
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particles is possible in preparations whose freedom from 
contaminants is established. Removal of host constituents and 
normal plant proteins without loss and inactivation of virus, is 
often a difficult task and could not be overcome in some case 
inspite of vigorous efforts. 
Properties of virus, nature of host and several other factors 
render the purification of all viruses unlikely with a single 
procedure. There is no universally applicable procedure and 
different methods have worked with varying effectiveness in 
purifying different viruses. 
(i) Selection of Propagation Host 
To ascertain the appropriate plant species/cultivar for 
maximum virus concentration, various systemic hosts were 
selected and mechanically inoculated with standard inoculum (SI). 
The most suitable propagation host for the purification of virus 
was selected on the basis of availability of the host and 
concentration of the virus. Twelve plants of each species were 
inoculated with SI using carborundum 500 mesh and the 
inoculated plants were assayed for active virus after intervals of 
2 days upto 20 days on local lesion host C amaranticolor. 
Harvesting time 
To find out the time at which the virus attained maximum 
concentration in the host following sap inoculation, the 
infectivity of virus was assayed on C. amaranticolor at different 
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time intervals after mechanical inoculation. 
For this purpose a batch of suitable propagation host of the 
same size and age was inoculated with the virus. At intervals of 
2,4,6,8,10,12,14,16 days. Three plants were selected randomly 
from these inoculated plants and the sap from young apical 
leaves was obtained. The plants of C. amaranticolor were 
inoculated with the sap obtained from these young apical leaves 
and the local lesions were counted. 
(ii) Concentration of the virus in different parts of 
propagation host 
Ten D. metel plants inoculated 12-14 days earlier were 
uprooted carefully and washed. The excess water of the plants 
was dried up with the help of blotting sheets. The different 
parts of plant (leaves, stem, root and flowers) were cut into 
small pieces separately. Equal amounts of these parts were 
homogenized separately with phosphate buffer (0.2M, pH 6.8) 
and filtered through double layered cheese cloth. The inoculum 
taken from these plant parts was assayed on local lesion host C. 
amaranticolor and the lesions were counted for comparison, 
(iii) Standardization of extraction medium : 
(a) Effect of buffer 
Boric acid borax, citrate, phosphate and acetate buffers of . 
the same molarity but having different pH values were prepared 
by the method of Gomori (1955) to test the suitability as 
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extraction medium. The pH of buffers was measured by ELICO 
pH meter, model L 1-10. 
Sap was extracted from young infected D. metel leaves in 
each buffer separately and was inoculated on local lesion host 
C. amaranticolor. 
(b) Effect of molarity 
After determining the most suitable buffer and pH value for 
maximum extraction of active virus, different molarities, O.OIM, 
0.05M, O.IM, 0.2M, I.OM and 2.0M of the same buffer at that 
particular pH were tried with a view to assess their suitability 
for extraction. 
(c) Effect of additives 
To find out the effect of additives on the virus infectivity, 
various reducing and chelating agents (sodium sulphite, EDTA 
and thioglycolic acid) were added to the inoculum. These 
additives were added either alone or in combination with others. 
(Iv) Clarification of extract 
Attempts were made to clarify the crude sap of virus 
infected leaves by the addition of organic solvents (butanol, 
chloroform and carbon tetra chloride) either separately or in 
combination. The requisite amount of solvent was mixed and the 
mixture was kept for 15 min. at 4*'C. The aqueous layer was 
separated by low speed centrifugation (8,000 rpm for 10 min. ) 
and active virus content was assayed on C. amarandicolor plants. 
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(v) Precipitation of the virus 
Polyethyleneglycol (PEG, MW 6,000) was tried using in 2, 
4, 6 and 8 per cent separately with or without sodium chloride 
(NaCl). After the addition of requisite amount of PEG and NaCl 
to the clarified extract, the mixture was stirred on a stirrer for 2 
h to allow precipitation. Thereafter, the mixture was centrifuged 
at 9,000 rpm for 20 min to collect the precipitate (pellet). The 
pellet obtained was dissolved in extraction buffer and kept 
overnight at 4''C. After keeping it overnight it was re-centrifuged 
at 10,000 rpm for 10 min. The supernatant, thus obtained was 
assayed on C. amaranticolor for comparison of virus infectivity. 
(vi) Differential centrifugation 
The technique of differential certifugation was applied to 
sediment the virus particles into a pellet form with active 
infectivity. Ultracentrifugation of different samples was done in a 
model L7-65R Beckman preparative ultracentrifuge using rotor 
type 60 TI. High speed centrifugation was done at 35,000 rpm 
for 2 h. The pellet thus obtained was dissolved in extraction 
buffer and centrifuged at low speed (9,000 rpm for 10 min.). 
Infectivity of different samples was determined by assaying on 
local lesion host. 
(vii) Density gradient centrifugation 
Density gradient centrifugation was performed by the method 
of Brakke (1960) using 40, 30, 20 and 10 per cent sucrose 
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solution prepared in 0.2 M phosphate buffer pH 6.8. Linear 
sucrose gradient columns were prepared by layering 6, 6, 6 and 
4 ml of 40, 30, 20 and 10 per cent sucrose solutions 
respectively in 1 x 3 inch tubes. The solutions of decreasing 
concentration from the bottom were layered in gradient tubes and 
kept overnight in a refrigerator at 4°C to get a linear gradient. 
Next day, 2 ml freshly prepared partially purified virus 
suspension was loaded on each tube with the help of LKB 
varioperex pump and centrifuged at 25,000 rpm in swinging 
bucket rotor for 2 h in Beckman (L7-65R) ultracentrifuge. 
Different dilutions of partially purified virus suspension and 
different lengths of time, ranging from 2-4 h were applied to get 
an ideal virus band. The tubes were taken out after the 
cenrifugation and examined in a dark room by projecting a 
narrow beam of light from the top. The light scattering band 
(virus zone) was removed from the tube with the help of a 20 
gauge 10 cm long needle bent twice at right angles and attached 
to a hypodermic syringe. The removed sample was diluted with 
the buffer (0.2M phosphate, pH 6.8) and the virus pelleted by 
high speed centriguation (32,000 rpm for 2 h). The pellet 
obtained from high speed centrifugation was resuspended in the 
above mentioned buffer and centrifuged at low speed (6,000 rpm 
for 10 min.). The supernatant, thus obtained was purified virus 
preparation and was inoculated on local lesion host to determine 
the infectivity of the virus. 
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8. UV-ABSORPTION SPECTRUM 
After density gradient centrifugation the purified virus 
preparations were screened in a CE 594 double Beam Spectro-
photometer after diluting it suitably in UV range. Values of 
A„ax-/A„i,, KJK, and hjk^,, were determined to get the 
appropriate percentage of viral nucleic acid by comparing the 
data with standard graph (Gibbs and Harrison, 1976). By using 
an automatic recorder the spectral curves (absorbance Vs wave 
length) were recorded. 
9. PHYSICO-CHEMICAL PROPERTIES OF THE VIRUS 
(i) Determination of RNA % of virus 
The method described by Gibbs and Harrison (1976) was 
used to determine the percentage of RNA. They related the ratio 
of k26J^2%o °^ purified viruses to their RNA percentage giving a 
quadratic regression curve. It was calculated by using the 
following formula. 
A J^A^go = 0.9320 + 0.0454 (RNA%) - 0.0006 (RNA%)2 
(ii) Determination of extinction coefficient of virus 
Extinction coefficient (E*"°''°) which is the optical density of 
a 1cm column of Img/ml preparation of purified virus is 
correlated with RNA per cent. Gibbs and Harrison (1976) 
demonstrated a linear regression relationship between the 
extinction coefficient at 260 nm of purified virus preparation and 
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the RNA per cent. Extinction coeffient can also be represented 
by the formula : 
Eo.i%= 1 531 + 0.205 (RNA%) 
(iii) Determination of density of virus and its partial specific 
volume (V) 
Buoyant density of virus was calculated from RNA 
percentage of virus using the standard quadratic regression curve 
and also by the following formula (Gibbs and Harrison, 1976). 
Density = 1.2922 + 0.0011 (RNA%) + 0.0001 (RNA%)2 
The partial specific volume (V) being reciprocal to buoyant 
density was also calculated from the above density value. 
(iv) Determination of molecular weight of virus coat protein 
Molecular weight of the virus coat protein was determined 
by using SDS-polyacrylamide gel electrophoresis (SDS-PAGE) as 
the method described by Laemmli (1970). The molecular weight 
of the protein subunit of the virus was estimated by the relative 
mobility (Ri) of known molecular weight proteins; M-Protein (160 
KD), a-Actinin (110 KD), Actin (46 KD), Tropomyosin (39 KD), 
Myosin light chain 1 (25 KD) and Troponin-C (18 KD). 
Preparation of the virus sample 
The pellet of the purified virus was dissolved in 0.5M Tris-
HCl buffer pH 6.8 and 10% (w/v) SDS and 1% (v/v) b-
mercaptoethanol were added. The virus sample was heated at 
23 
95°C for 4 vain, and then 0.05% (w/v) bromophenol blue was 
added to the sample. 
Preparation of 15% lower or separating gel 
Distilled Water 7.05 ml 
0.5M Tris-HCI pH 6.8 7.5 ml 
10% SDS Stock 0.3 ml 
Acrylamide/Bis Stock 15.0 ml 
10% Ammonium persulphate (APS) 0.150 ml 
TEMED 15A.. 
The first four solutions were mixed in a beaker and kept 
for a few min. at room temperature. The last two solutions were 
added to this mixture whirling the beaker gently to mix and 
then transferred quickly into sandwich to gel mould. 
Preparation of 3% stacking or upper gel 
Distilled water 3.05 ml 
0.5M Tris-HCI pH 6.8 1.25 ml 
10% SDS 50 III 
Acrylamide/Bis Stock 0.65 ml 
10% Ammonium persulphate (APS) 0.025 ml 
TEMED 5;^  
All solutions were mixed (as described in running gel) and 
poured over the separating (running) gel into sandwich and a 
comb was inserted into it. The gel was allowed to set for at 
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least 30 min. and the comb was removed slowly from the gel. 
The virus sample and marker were loaded into wells. The 
lower and upper chambers were filled with Tris-Gly buffer pH 
8.5 and the unit was connected to the power supply. 
The power supply was adjusted at 10mA when the dye 
reached to 1cm above the bottom, the power supply was turned 
off and the gel was stained and destained as described below. 
The gel was stained in 0.1% Coomassie Brilliant Blue R 
250 that was prepared as follows -
Coomassie blue 100 mg 
Methanol 50 ml 
Acetic acid 10 ml 
Distilled water 40 ml 
The gel was destained in a solution containing 40 ml 
methanol, 14 ml acetic acid and 146 ml distilled water. 
10. CHARACTERISTICS OF VIRAL NUCLEIC ACID 
(i) Isolation of viral nucleic acid 
The nucleic acid was isolated by phenol-chloroform method. 
Phenol and chloroform were prepared as detailed by Maniatis 
et.al. (1982). 
Purified virus solution was extracted with a mixture of 
phenol-chloroform (1:1) followed by another extraction with 
chloroform only. 
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2 ml of virus preparation 
Mix the 
Phenol pha: 
I 
Discard 
r 
Chloroform 
i 
Discard 
>^  
Supernatant 
i 
Discard 
content 
+ : 
on 
Centrifuge 
se 
phase 
2 ml mixture of phenol-chloroform (1:1) 
a mixer till an emulsion forms 
i 
at 1,600 g for 3 min. 
1 ^ 
Aqueous phase 
i 
Add chloroform and mix on a mixer 
Centrifuge at, 1,000 g for 3 min. 
i 
Aqueous phase 
I 
Add 2.5 volumes of chilled ethanol 
i 
Keep overnight at 20''C 
Centrifuge,at 15,000 g for 30 min. 
>^  
Pellet 
i 
Suspend in distilled water 
(viral nucleic acid) 
The infectivity of viral nucleic acid was tested on C. 
amaranticolor, an assay host and was compared with that of 
virus. 
(ii) Type of nucleic acid 
The type of nucleic acid contained in the virus was 
determined by orcinol (Shatkin, 1969) and diphenylamine 
(Burton, 1956) tests for RNA and DNA respectively. 
(iii) Orcinol test 
Orcinol reagent was prepared by adding 100 mg of orcinol 
and 100 mg of ferric chloride (FeClj.eHp) in 100 ml of 
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concentrated hydrochloric acid (HCl). One ml of freshly prepared 
orcinol reagents was added to one ml of nucleic acid 
preparation. The mixture was placed in boiling water bath for 45 
min. and observed for the development of colour. 
(iv) Diphenylamine test 
This reagent was prepared by mixing Ig of Diphenylamine 
in 100 ml of glacial acetic acid and 2.75 ml of sulphuric acid 
(HjSO^). One ml of suitably diluted nucleic acid preparation 
was mixed with 2ml of Diphenylamine reagent and heated at 
60''C for 10 min. to observe the development of colour. 
11. ELECTRON MICROSCOPY 
(i) Morphology of virus particles 
A small drop of the purified virus preparation obtained after 
density gradient centrifugation was placed on a collodion-coated 
carbon back filmed copper grid. The excess of sample was 
drained by touching the grid edge with Whatman No. 1 filter 
paper and stained with 2% uranyl acetate solution for 90 sec. 
The prepared grids were examined under the JEOL-JEM-IOOS 
electron microscope. The average dimension of the virions was 
calculated. 
(ii) Study of inclusions and virus in situ 
The detailed schedule of the technique given by Ronald 
(1978) was followed to study the ultrastructure of inclusions 
induced by the virus and its in situ localization. 
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Young infected leaves of D. metel were collected after 12-14 
days of inoculation for the purpose of ultrastructural studies. The 
infected leaves were cut into 1 x 2 - 2.3 mm bits and immersed 
in 3% glutaraldehyde solution in 0.2M phosphate buffer pH 6.8 
and the pieces transferred to a vial containing the fixative. After 6 
h the fixative (glutaraldehyde) was drained out and the leaf pieces 
were washed thrice with phosphate buffer at an interval of half an 
hour to remove glutaraldehyde. One per cent osmium tetraoxide 
solution in 0.2 M phosphate buffer pH 6.8 was poured over the 
leaf pieces and fixation allowed for 2 h at 40''C. The osmium 
tetraoxide solution was carefully taken out and the leaf pieces were 
washed with distilled water. Aqueous uranyl acetate (2%) was added 
and the vials were transferred to refrigerator (at 4''C) overnight. 
They were then dehydrated in a graded series of 30, 50, 70, 90, 
95 and 100 per cent acetone for 10 min. in each grade with two 
changes (each for 30 min.) in 100 per cent. 
After dehydration acetone was replaced by propylene oxide by 
giving two changes each of 30 min. The epoxy resin was prepared 
by mixing 10 ml VCD (vinyl cyclohexane dioxide), 26 ml NSA 
(nonenyl succinic anhydride) and 6 ml DER-736 (diglycidyl ether 
of propylene glycol). These were mixed thoroughly and then 0.4 
ml DMAE (Dimethylaminoethanol) was added and again mixed 
thoroughly. A mixture of the resin propylene (25 : 75 v/v) was 
prepared and propylene oxide was replaced by this mixture from 
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the leaf pieces. The vial was closed with an aluminium foil. After 
one hour aluminium foil was lifted and the vial was left in a 
fume-hood for 4 h to overnight. After 8 h the resin mixture in 
vial was replaced by fresh resin mixture and vial left for another 
4-10 h. The beam capsule moulds were washed with acetone and 
dried in an oven at 70°C for 30 min. The leaf pieces were 
transferred with proper orientation, to the moulds and filled with 
fresh resin. The resin was cured at TO^ C for 16 h. The blocks 
were taken out by cutting open the moulds and were trimmed to 
expose the material. Then reference sections (Ca. Im thick) were 
cut with glass knives mounted on an ultramicrotome. Few sections 
were placed on a drop of distilled water on a glass slide and 
heated at SO C^ till the drop dried. Then a drop of stain was 
poured on the trace of the dried drop and heated at 60''C by 
gentle shaking for 3 min. The stain was prepared by dissolving Ig 
toluidine blue 0 and Ig sodium borate in distilled water and the 
volume made 10 ml. Slide was washed under running tap water to 
remove excess stain and examined under light microscope to make 
sure the presence of desired tissues/cells. The unwanted tissues 
were trimmed off from the block. 
Ultrathin sections were cut by using glass knives and 
ribbons of sections were picked after expanding with the vapour 
of xylene, emitting silver-gold interference colour on 150 mesh 
copper grids. The sections were stained first with the saturated 
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uranyl acetate (ethanolic solution) and the grids immersed in drops 
of UA placed on parafilm. They were then covered with an opaque 
cover and allowed the reaction for 30 min at 25-30°C. The grids 
were washed with 30 drops each of 50% ethanol and of distilled 
water drained by touching edge on a filter paper. Then the sections 
were stained with 0.4% lead citrate solution. Finally the grids were 
washed with 30 drops each of 0.0IN NaOH and of distilled water. 
Grids were drained air-dried, and were examined under TEM. 
Saturated uranyl acetate was prepared by shaking an excess 
amount of uranyl acetate with 50% ethanol followed by 
centrifugation at 6,000 rpm for 10 min. The supernatant was 
filtered through Whatman No.l filter paper. The supernatant, thus 
obtained was used as saturated uranyl acetate. 
Lead citrate solution was prepared by mixing 1.33g of lead 
nitrate; 1.76g of trisodium citrate and 30 ml of carbon dioxide-
free distilled water. A thick white precipitate appeared on mixing 
was dissolved by adding 8 ml of NaOH solution (prepared in 
carbon dioxide-free distilled water). The volume was made to 50 
ml with carbon dioxide-free distilled water and centrifuged at 
6,000 rpm for 10 min. Supernatant was filtered through Whatman 
No. 1 filter paper. 
12. IMMUNOSORBENT ELECTRON MICROSCOPY (ISEM) 
For ISEM the method described by Derrick (1973) and later 
modified by Milne and Luisoni (1977) was applied. 
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(i) Preparation of antiserum dilutions 
The different antisera were diluted with saline to bring 
down their microprecipitin titre and then further diluted 200 
folds with 0.85% NaCl solution before use. 
(ii) Trapping of virus particles 
Freshly prepared collodion carbon-backed filmed copper 
grids were floated film side down on 0.05 ml drops of diluted 
antiserum and incubated in a humid chamber for 20 min. at 
room temperature. The grids were washed with 30 drops of 
distilled water and drained by touching their edge with Whatman 
No. 1 filter paper. In next step the grids were immediately 
floated film side down on 0.05 ml drops of partially purified 
virus suspension and incubated in a humid chamber at ST '^C for 
Ih. The grids were again washed and drained as mentioned 
above and immediately floated on drops of 2% aqueous uranyl 
acetate solution for 30 sec. Now the grids were finally drained 
and allowed to air dry. In the same way, as described above, 
the control (Preimmune serum coated) grids were screened under 
JEOL-JEM-IOOS electron microscope at 80 KV. 
(vii) Decoration of virus particles 
After trapping the virus particles on antiserum coated grids 
as described above, the grids were again floated on the same 
antiserum with the same dilution and incubated at 3TC for Ih. 
The grids were then washed and drained as described earlier and 
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immediately floated on 2% aqueous uranyl acetate soluion. The 
grids were then finally drained and air dried and screened under 
the electron microscope. 
(iv) Estimation of trapped virus particle number 
Trapped virions were counted in 10 random viewing fields 
on the grids for each virus antibody combination as well as for 
control grids. The amount of trapping (Trapping intensity) by 
each antiserum was expressed as an increase factor over the 
number of virions on the corresponding preimmune serum coated 
grid and was calculated by dividing the number of virions 
counted on the corresponding preimmune serum coated grid 
(Roberts et al., 1984). 
13. SEROLOGY 
Specific antigen and antibody reaction is one of the useful 
techniques either for assigning the virus to a particular group or 
to differentiate it at the strain level. Antiserum to the virus 
under consideration was prepared for identfication of the virus as 
well as for testing the latent infection in certain hosts. 
(i) Raising the antiserum 
Partially purified virus preparation obtained after differential 
centrifugation was used as antigen for immunization of rabbit. 
Young healthy rabbit, approximately 3 lbs in weight was used 
for production of antiserum. Five weekly injections of virus 
preparation of 2 ml each were administered intravenously through 
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the marginal ear vein of the rabbit using a clinical syringe with a 
fine needle. For intramuscular injections, virus preparation was 
emulsified with an equal volume of Freund's incomplete adjuvant. 
Two injections of the virus adjuvant mixture of 3 ml each at an 
interval of 2 weeks were administered intramuscularly in thigh of 
the same rabbit in which intravenous injections had been given. 
Test bleedings were made several times from the ear of the 
rabbit at different intervals after the administration of last 
intramuscular injection to check the antibody titre in serum. 
After the titre reached its maximum, the immunized rabbit 
was finally bled by giving sharp incision (after 20, 30 and 60 
days of final injection, on the marginal vein of the ear, which 
was not used for injecting antigen. About 15 ml of the blood 
was collected and allowed to clot at room temperature for 2 h 
and then kept in a refrigerator for 5 h. Serum containing 
antibodies (antiserum) was thereafter separated and centrifuged at 
5,000 rpm for 5 min. to remove fibron, blood cells etc. The 
straw yellow coloured supernatant was collected and stored in a 
sterile small ampoule by adding 0.1% of sodium azide (NaN^). 
(ii) Serological tests 
To identify the virus under investigation upto group or 
strain level, the following tests were performed. 
(a) Homologous reaction : 
Tube precipitin test 
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Several two fold dilutions of both antiserum and antigen were 
prepared using 0.85% buffer (0.2M phosphate-buffer pH 6.8 
containing 0.85% NaCl) as diluent. For antigen end point, 0.5 
ml each of a series of two fold dilution of the antigen was put 
in a separate narrow glass tube and to each tube 0.5 ml of 
antiserum (undiluted) was added. The tubes were immersed 
partially in a water bath at ST^ 'C to promote mixing and 
observed for formation of the precipitates. Similarly, for 
antiserum end point, 0.5 ml of each of a series of two fold 
dilutions of the antiserum was put in glass-tubes and to each 
tube 0.5 ml of antigen of a constant dilution was added. The 
tubes were immersed partially in a water bath at 37°C and 
observed for formation of the precipitates. 
Ouchterlony gel double diffusion test 
Ouchterlony agar gel double diffusion test (Ouchterlony, 
1948, 1958, 1962) was used for the antigen antibody reactions. 
Crude sap and purified virus preparation were tested. The tests 
were carried out using 90 mm sterilized disposable plastic 
petridishes. For the optimum conditions for the formation of 
immunoprecipitin band using different combinations of gel media 
and antigen prepared in different ways were studied. The agar 
gel plates were then incubated in a humid chamber at room 
temperature and observed after 24 and 48 h. 
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Preparation of viral antigen 
Antigen used in immunodiffusion tests was prepared in 
following ways : 
(a) Virus particles suspended in phosphate buffer (0.2M, pH 6.8). 
(b) Solution (a) + 0.85 (w/v) NaCl 
(c) Virus particles suspended in distilled water containing 1% 
(w/v) sodium dodecyl sulphate (SDS). 
Preparation of gel media 
Agar gel for immunodiffusion tests was prepared in the 
following ways. 
(a) 0.8 gram of agarose (w/v) in 0.2M phosphate buffer pH 6.8. 
(b) Solution (a) + 0.02% (w/v) Sodium azide (NaNj) 
(c) Solution (a) + 0.85% (w/v) in phosphate buffer (0.2M, pH 
6.8) contianing 0.85% (w/v) NaCl and 1% (w/v) SDS. 
(d) Heterologous reactions 
The relationship of the virus was determined serologically 
by using various antisera of different viruses having similar 
particle morphology, against the virus under investigation. The 
reactions were carried out using Ouchterlony gel double diffusion 
test in sterile plastic petridishes. The gel media were prepared 
by melting 0.8g agarose in 100 ml of 0.2M phosphate buffer pH 
6.8, 0.2% Na EDTA and 0.02% NaNj. The antigen was prepared 
by suspending virions in 0.2M phosphae buffer pH 6.8. 
The antisera of PVY, PVA, PVS, PVX and PVM were obtained 
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from Dr. I.D. Garg, C.P.R.I. Shimla, Datura leaf distortion virus 
from Dr. P. Srinivasulu; Peru tomato mosaic virus from Dr. 
Fernandez Northcote and Papaya ring spot, Zuchini yellow mosaic 
virus, BCMV BYMV and turnip mosaic virus from Dr. Z. Maat 
(Netherlands) through Dr. I.D. Garg. 
14. REVERSE TRANCRIPTION-POLYMERASE CHAIN 
REACTION (RT-PCR): 
In order to confirm the diagnosis of virus causing mosaic 
disease on Launaea, RT-PCR was carried out using potyvirus 
group specific primers as described by Langeveld et al. 
(1991). 
(I) RNA preparation: 
Total RNA used in RT-PCR was isolated from young infected 
leaves of Launaea and healthy Launaea plants without showing 
any symptom. RNA was isolated by using RNeasy Plant Minikit 
Kit (Qiagen). 100 mg leaves were ground to fine powder in 
liquid nitrogen and 450)il of RLT buffer was added followed by 
incubation at 65''C for 1 min. The mixture was layered on QIA 
Shredder Column (Lilac) and centrifuged at lOOOOg for few sec. 
To the effluent 225)j,l of ethanol was added and mixed properly. 
About 625^1 of mixture was layered on another (Pink) Column 
and centriguged at 10,000g for 30 sec. The effluent was 
discarded. To the column 700jj,l of RWl buffer was added and 
again centrifuged at 10,000g for 30 sec. The column was washed 
36 
with 500|il of RPE buffer and centrifuged for 30 sec at 10,000g 
and this step was repeated again. Finally RNA was eluted with 
50iJ,l RNase free water. 
(II) Oligonucleotides: 
Oligonuleotides were used as detailed below (conserved region 
of coat protein gene): 
Up stream Primer: 
5' GAATTCATGRTNTGGTGYATHGANAAYGG3' (Position 895-917) 
Down stream Primer: 
5' GAGCICGCNGYYTTCATYTGNRHDWKNGC 3' (Position 
1195-1217) 
(R= A/G, W= A/T, Y= C/T, K= G/T, H= A/C/T, D= A/G/T, N= 
A/C/G/T) 
(Nucleotides which were added to encode restriction sites are 
underlined) 
The primers were synthesized from GENEI (India) and 
obtained in lyophilized form. The primers were dissolved and 
diluted accordingly to a final concentration with sterile water as 
needed. 
(III)RT-PCR for Launaea mosaic virus: 
Reverse Trancription was performed on total RNA prepared as 
described earlier. The reaction was set up for a final volume of 
20jxl in following manner; Ijil of 10 U 7^ ,1 RNase inhibitor, \\i\ 
of 0.1 M DTT, 2^1 of 30mM dNTP mix, 0.2|ig down stream 
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primer, 7.5 U AMV Reverse Transcriptase, 4(xl of AMVRT buffer 
(GENEI, Bangalore) and total RNA 5jil (l-2(j,g). Incubation was 
done for 60 min at 40''C followed by inactivation at 95*'C for 2 
min. Further, for PCR amlification 5^ il of RT product was added 
to 45 ill polymerase reaction mixture containing 1.5 U Taq 
DNA polymerase, 5p,l lOX Taq polymerase buffer, 0.2 ^g 
upstream primer and 0.2|j,g of down stream primer. The 
components were added sequentially in a thin walled PCR tube 
and after mixing the components, the reaction mixture was 
overlaid with one or two drops of mineral oil to prevent 
evaporation and condensation. The reaction was carried out in 
Robocycler (Stratagene Gmbh Germany). PCR amplification was 
carried out for 45 reaction cycles with 94''C for 30 sec for 
denaturation, 60''C for 5 min for annealing and 72''C for 1 min 
for synthesis. In last an elongation at 72°C for 10 min was also 
given. On completion of RT-PCR, the amplified products were 
resolved on 1% agarose gel and analyzed in the presence of 
ethidium bromide. 
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RESUL 
RESULTS 
1. NATURAL SYMPTOMS 
Naturally infected plants of launaea, Launaea aspleniifolia 
Hook f. showed mosaic symptoms on leaves. The infected plants 
showed reduction in leaf size, distortion of leaves, floral 
abnormalities, and over-all stunting of plants, at advanced stage 
of infection (Fig. 1.1 and 1.2). 
2. TRANSMISSION 
(a) By Sap 
The virus causing mosaic disease of launaea designated as 
Launaea mosaic virus (LaMV) was readily transmitted by sap 
extracted in 0.2M phosphate buffer pH 6.8 from launaea to 
various susceptible hosts including launaea itself. 
(b) By Aphids 
Four aphid species viz. Aphis gossypii Glov., A. craccivora 
Koch, Myzus persicae Sulz and Brevicoryne brassicae L. were 
used for transmission studies. Starved nymphs (1-2 h) were 
allowed different acquisition feeding periods on diseased plants 
and inoculation feeding periods on young healthy plants of D. 
metel. The aphids were killed by spraying with 0.2% dimecron 
(insecticide) after inoculation feeding period. Ten nymphs per 
plant were used. The presence of virus was confirmed by back 
inoculation on the assay host C. amaranticolor. 
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Fig. 1.1 Launaea aspleniifolla Hook f. : Naturally infected 
plant showing mosaic and distortion of leaves. 
Fig. 1.2 : L. aspleniifolia Hook f. : Healthy plant. 
Table 2.1 : Transmission of launaea mosaic virus (LaMV) 
from D. metel to D. metel using four different 
aphid species 
Acquisition 
feeding 
30 sec. 
Imin. 
2min. 
time 
Inoculation 
feeding 
30 sec. 
1 min. 
2 min. 
5 min. 
10 min. 
30 min. 
Ih 
21i 
30 sec. 
1 min. 
2 min. 
5 min. 
10 min. 
30 min. 
1 h 
2 h 
30 sec. 
1 min. 
2 min. 
5 min. 
10 min. 
30 min. 
1 li 
2 li 
time 
No. of plants 
inoculated 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
A. 
gossypii 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Average No. 
A. 
craccivora 
2 
3 
5 
4 
1 
0 
0 
0 
10 
13 
10 
6 
2 
0 
0 
0 
7 
8 
5 
2 
0 
0 
0 
0 
of plants 
B. 
infected 
M. 
brassic aepersicae 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
4 
3 
1 
0 
0 
0 
10 
12 
8 
4 
1 
0 
0 
0 
5 
6 
4 
2 
0 
0 
0 
0 
•Results based on 3 experiments with 20 plants each. 
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Table 2.1 shows that the virus causing mosaic disease on 
launaea is transmitted by the aphid A. craccivora and M. 
persicae in a non-persistent manner. A. gossypii and B. brassicae 
failed to transmit the virus either in a persistent or non-
persistent manner. 
(c) By Dodder 
Only one species of dodder Cuscuta reflexa Roxb. was used 
in these studies. C. reflexa failed to transmit this virus. 
(d) By Soil 
Launaea mosaic virus was not transmitted through soil in 
any experiment performed with soil collected around naturally 
infected plants of L. aspleniifolia and inoculated plants of D. 
metel. 
(e) By Seed 
Seeds from diseased launaea and D. metel plants were 
collected and were sown next year to test seed transmission of 
virus. None of the plants showed any external symptom, nor 
they gave positive results for the presence of virus on back 
inoculation tests carried out on assay host, C. amaranticolor. 
Thus LaMV is not transmitted through seeds of these two plant 
species. 
(f) By Grafting 
In all cases where the graft was successful, symptoms 
appeared on the new emerging leaves about 3 weeks after the 
graft union. Table 2.2 shows the results of these experiments. 
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Table 2.2 : Transmission of Launaea mosaic virus by 
grafting from D. metel to D. metel 
Replicate 
1 
2 
3 
4 
5 
No. of 
Plants 
grafted 
10 
10 
10 
10 
10 
No. of 
Successful 
graft 
5 
6 
5 
4 
5 
No. of 
Plants 
infected 
5 
6 
5 
4 
5 
Incubation 
periods in 
days 
20 
23 
18 
20 
21 
3. HOST RANGE AND SYMPTOMATOLOGY 
To determine the host range of LaMV various species and 
cultivars of plants belonging to different families were inoculated 
mechanically with SI. To ascertain the presence or absence of 
virus, back inoculations from all inoculated plants were made on 
C. amaranticolor. Following plants developed symptoms as 
described below and virus was recovered on back inoculations on 
C. amaranticolor. 
Abelmoschus esculentus (L.) Moench 
Inoculated plants showed vein clearing after 10-12 days, 
followed by mosaic symptoms (Fig. 3.1). 
Achyranthes aspera L. 
The symptoms appeared on the inoculated leaves in the 
form of severe necrosis. The new emerging leaves showed vein 
clearing and deformation. 
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Fig. 3.1 Abelmoschus esculentus (L.) Moench. 
showing vein clearing and mosaic. 
Infected leaf 
Amaranthus leucocarpus S. Wats 
Systemic symptoms appeared in the form of mild mosaic 
and vein clearing after two weeks of inoculation. 
A. spinosus L. 
Systemic symptoms appeared after 12 days of inoculation on 
the new emerging leaves in the form of mosaic and deformation 
followed by marginal necrosis. 
Apium graveolens L. 
Plants showed systemic symptoms after 12-14 days of 
inoculation in the form of mosaic, reduction and yellowing 
followed by wilting of leaflets. The growth of plants was 
severely affected (Figs. 2.2 & 3.3). 
Brassica campestris L. var. botrytis 
Inoculated plants showed systemic symptoms in the form of 
reduction in the leaf size, transformation of floral buds into leafy 
structure and complete failure of flower formation (Fig. 3.4). 
Calendula officinalis L. cv. Orange Coronet and Art Shades 
Systemic symptoms appeared in the form of light and dark 
green areas in the form of mosaic, deformation and mottling of 
newly emerging leaves. 
Capsicum annuum L. 
Systemic symptoms in the form of mild mosaic, marked 
reduction in the size of leaves, stunting of plants and failure of 
flower and fruit formation were shown by inoculated plants 
(Fig. 3.5). 
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Fig. 3.2 : Apium graveolens L. : Healthy plant. 
Fig. 3.3 A. graveolens L. : Infected plant showing mosaic, 
reduction, yellowing and necrosis of leaflets and 
stunting of plant. 
Fig. 3.4 : Brassica campestrls L. var. botrytis : Inoculated 
plant showing reduction of leaf size, transformation 
of floral buds into sterile structure and failure of 
flower formation. 
Fig. 3.5 Capsicum annuum L. 
mosaic and stunting. 
Infected plant showing 
Chenopodium album L. 
Chlorotic lesions were produced on inoculated leaves after 
4-6 days of inoculation. The lesions increased in size, coalesced 
and leaves were shed. 
C. amaranticolor Coste and Reyn. 
Necrotic local lesions appeared on the inoculated leaves 
after 3-4 days of inoculation in summer and 4-6 days in winter. 
The lesions increased in size, coalesced and leaves were shed 
after 7-10 days of inoculation (Fig. 3.6). 
C. murale L. 
Necrotic local lesions were proudced on inoculated leaves 
after 4-5 days of inoculation. The lesions increased in size, 
coalesced and leaves were shed (Fig. 3.7). 
C. quinoa Willd. 
Necrotic local lesions appeared on inoculated leaves after 5-
7 days of inoculation. The lesions increased in size, coalesced 
and leaves were shed after 10-11 days of inoculation. 
Datura metel L. 
Necrotic local lesion appeared on inoculated leaves after 4 
days of inoculation. The lesions increased in size and coalesced. 
After 11 days of inoculation systemic symptoms appeared on 
new emerging leaves in the form of vein clearing and dark green 
mosaic. Infected leaves showed reduction in lamina and exhibited 
shoe-string symptoms. Mosaic symptoms also appeared on the 
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Fig. 3.6 Chenopodium amaranticolor Coste & Reyn. : (a) 
Inoculated leaf showing necrotic local lesions, (b) 
Healthy leaf. 
Fig. 3.7 C. murale L. : Inoculated leaves showing necrotic 
local lesions. 
sepals and petals of the infected plant and flowers failed to 
produce fruits (Figs. 3.8, 3.9 & 3.10). 
D. stramonium L. 
Systemic symptom appeared after 10-12 days of inoculation in 
new emerging leaves in the form of vein clearing and mosaic 
followed by necrosis of leaf apex. Vein clearing of leaves in the 
form of golden yellow net (Figs. 3.11, 3.12 & 3.13). 
Launaea aspleniifolia Hook f. 
The inoculzted leaves did not produce any symptom, bat the 
new emerging leaves showed vein clearing and decoloration after 
10-12 days of inoculation, followed by dark green mosaic. 
Lycopersicon lycopersicum Mill. 
Symptoms appeared in the form of mild mosaic and marked 
reduction in size of leaves. The growth of inoculated plants was 
severely affected (Fig. 3.14). 
Nicotiana debneyi Domin 
Systemic symptoms appeared after two weeks in the form of 
mosaic mottling and reduction of leaf lamina. The growth of the 
plants became stunted due to the infection. 
A', glutinosa L. 
Systemic symptoms appeared after 10-12 days of inoculation 
on the new emerging leaves in the form of dark green mosaic and 
reduction of leaf size (Fig. 3.15). 
A', tabacum L. Cv. Bhopali Pakra 
Necrotic lesions appeared on the inoculated leaves after 5 
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Fig. 3.8 Datura metel L. : (E) Healthy leaf. (b)Inoculated leaf 
showing necrotic local lesions and yellowing. 
Fig. 3.9 D. metel L. : Infected plant showing mosaic and 
deformation of leaves. 
Fig. 3.10 : D. metel L. : Infected plant showing mosaic, 
deformation of leaves and shoe-string. 
Fig. 3.11 : D. stramonium L. : Infected plant showing mosaic 
and vein clearing. 
Fig. 3.12 : D. stramonium L. : Infected plant showing vein 
clearing in the form of golden-yellow net. 
Fig. 3.13 ; D. stramonium L. : Infected plant showing mosaic, 
leaf defDrmation and necrosis of leaves. 
Fig. 3.14 : Lycopersicon lycopersicum Mill. : Infected plant 
showing mild mosaic, leaf reduction and severe 
stunting. 
Fig. 3.15 : Nicotiana gludnosa L. : Infected plant showing dark 
green mosaic. 
days of inoculation. After 12 days systemic symptoms appeared on 
the new emerging leaves in the form of vein clearing follow^ed by 
mosaic and slight deformation of leaves (Fig. 3.16 & 3.17). 
N. tabacum L Cv. CTRI Special 
Systemic symptoms appeared in the form of mosaic, 
decoloration and necrosis of leaves. Infected leaves became 
necrotic and ultimately the plant died (Fig. 3.18). 
A', tabacum L. Cv. Harrison's Special 
Systemic symptoms appeared in the form of vein clearing, 
mosaic, decoloration and necrosis of leaves. Due to necrosis plants 
died after 20 days of inoculation. 
N. tabacum L. Cv. Jayasri 
After 8 - 1 0 days of inoculation symptoms appeared in the 
form of mosaic and decoloration of leaves followed by necrosis 
and death of plants (Fig. 3.19). 
TV. tabacum L. Cv. KY-21 
Systemic symptoms appeared in the form of vein clearing, 
decoloration and necrosis of leaves. Necrosis started from apex 
and death of leaf followed (Fig. 3.20). 
Petunia hybrida Viim. 
Symptoms started on the young leaves in the form of vein 
clearing after 10-12 days of inoculation followed by mosaic. The 
infected plants became stunted. 
Pity salts peruviana L. 
The systemic symptoms appeared on the new emerging leaves 
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Fig. 3.16 : TV. tabacum L. cv. Bhopali Pakra : Inoculated plant 
showing necrotic spots and mild mosaic (left). 
Healthy plant (right). 
Fig. 3.17 : A^ . tabacum L. cv. Bhopali Pakra : Infected plant 
(later stage) showing mosaic and leaf deformation. 
Fig. 3.18 : A', tabacum L. cv. CTRI Special : Infected plant 
showing necrosis. 
Fig. 3.19 : N. tabacum L. cv. Jayasri : Infected plant showing 
mosaic and necrosis. 
Fig. 3.20 : A^ . tabacum L. cv. KY-21 : Healthy plant (left). 
Infected plant showing vein clearing decoloration 
and necrosis (Right). 
Fig. 3.21 : Physalis peruviana L. : Infected plant showing vein 
clearing and mosaic. 
in the form of vein clearing, mosaic and reduction of leaf lamina. 
The growth of plant was severely affected (Fig. 3.21). 
Solanum nigrum L. 
Chlorotic spots appeared on the inoculated leaves after one 
week of inoculation. New emerging leaves showed mosaic and 
reduced lamina (Fig. 3.22). 
Spinacia oleracea L. 
The following cvs. responded to virus infection in different 
manner. 
cv. Pusa Jyoti : Inoculated plants showed systemic symptoms in 
the forms of mosaic on newly emerged leaves after 12 days of 
inoculation and infected leaves were smaller in comparison to 
healthy ones. 
cv. Palang Sag : Inoculated plants showed systemic symptoms 
on new emerging leaves in the form of upv/ard rolling after 12-
14 days of inoculation. 
Trianthema portulacastrum L. 
Necrotic local lesions appeared on the inoculated leaves 
after 5 days of inoculation. The lesions increased in size, 
coalesced and leaves were shed. 
Verbena hybrida Voss. 
Systemic symptoms appeared in the form of mosaic followed 
by necrotic wilting of leaves started from apex. 
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Fig. 3.22 : Solarium nigrum L. : Infected plant showing 
chlorotic spots on inoculated leaves and mosaic on 
new emerging leaves. 
Vicia faba L. Cv. Sutton 
Red coloured local lesions appeared on inoculated leaves after 
8 days of inoculation. 
l^gna sinensis End!. 
Systemic symptoms appeared 10-12 days after inoculation in 
the form of vein clearing, yellowing and of deformation of 
leaves. 
Zinnia elegans Jacq. 
Symptoms appeared on the new emerging leaves in the form 
of vein yellowing followed by mosaic and leaf deformation. 
Non-Hosts 
Following plants did not show any symptom (Systemic/local) 
till two months after inoculation and no virus could be 
recovered when back inoculation from these plants were made on 
C. amaranticolor Coste & Reyn. 
Amaranth areae 
Amranthns caudatus L. cv. Yellow Splendour 
Gomphrena globosa L. cv. Globe Amaranth Purple 
cv. Globe Amaranth Mixed 
Apiaceae 
Dancus carota L. cv. Pusa Kesar cv. Zina 
Asteraceae 
Acrodinum roseum Benth. cv. Sutton Special Mixed 
Cosmos bipinnatus Cav. cv. Double Mixed 
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Dahlia rosea Cav. cv. Dwarf mixed 
Lactuca saliva L. 
Sonchus asper Hill. 
Tagetes erecta L. 
Brassicaceae 
Brass ica campestris L. 
B. oleracea L. var. Capitata cv. Special Pride 
cv. September 
B. rapa L. cv. Pusa Swamima 
cv. Sutton Golden Ball 
Raphanus sativus L. cv. Pusa Himani 
cv. Punjab Sel - 5 
Ch en opodiaceae 
Kochia aphylla R. Br. 
Cucurbitaceae 
Citrullus vulgaris Schard var. Fistulosus 
Cucumis sativus L. cv. Point Sett 
cv. Improved Long Green. 
C. melo L. cv. Foot Kakari 
cv. Kakri 
Cucurbita moschata Ducheshe ex Poir 
C. pepo L. 
Lagenaria vulgaris Ser. 
Lamiaceae 
Mentha piperata 
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Salvia occidentalis Swartz 
Papiiionaceae 
Cajanus cajan L. 
Medicago falcata L. 
Pisum sativum L. 
Polygonaceae 
Antigonon leptopus Hook & Am. 
Portulacaceae 
Portiilaca oleracea L. 
Solanaceae 
Capsicum pendulum Wild. 
Nicotiana affinis Moore 
N. benthamiana Domin. 
N. longi/lora Cav. 
N. megalosiphon Heurek and Mueller 
N. occidentalis Wheeler 
A'; palmeri Gray 
A'^  plumbaginifolia Viv. 
N. rustica Schrank 
Solanum melongena L cv. Pusa Kranti 
cv. Pant Samrat 
cv. Pusa Purple Long. 
Violaceae 
Fiola tricolor L. cv. Supremo Early 
cv. Sutton Pixie Mixed 
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4. SELECTION OF LOCAL LESION HOST 
Six local lesion hosts of the virus isolate viz. C. 
amaranticolor Coste & Reyn., C. album L. C. murale L, C. 
quinoa L., D. metel L. and Vicia faba L. were compared to select 
the most suitable one. The inoculum prepared from infected D. 
metel was inoculated to the above mentioned hosts and local 
lesions were counted 4-7 days after inoculation (Table 4.1) 
Table 4.1 : Comparative study of different local lesion hosts 
of Launaea mosaic virus 
Local lesion hosts Average no. of local lesions/leaf'^ 
Chenopodium album L. 13 
C amaranticolor Coste and Reyn. 46 
C. murale L. 27 
C. quinoa Willd 16 
Datura metel 07 
Vicia faba L. 08 
* Average number of local lesions/leaf based on 24 leaves of local 
lesion hosts. 
On the basis of data presented in Table 4.1 and Fig. 4.1, C. 
amaranticolor Coste and Reyn. was selected as a suitable local 
lesion (assay) host. 
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Fig. 4.1 
Coiriparative Study of Different Local 
Lesion Hosts 
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5. BIO-PHYSICAL PROPERTIES 
It is desirable to study properties of a virus in crude sap 
before any work on its physico-chemical nature is undertaken. 
These studies provide an idea about the stability and concentration 
of the virus in the sap. Although these studies have restricted value 
(Ross, 1964), they are of utmost importance in determining the 
procedure for the purification and charactarization of a virus. 
Studies on bio-physical properties were carried out using D. 
metel L. as donor host of the virus and tests were made on local 
lesion host, C. amaranticolor. The results were recorded from the 
crude sap obtained by macerating the infected D. metel leaves with 
the help of a mortar and pestle. 
Dilution end point (DEP) 
Several dilutions using phosphate buffer (0.2M pH 6.8) were 
prepared from crude sap. Each dilution was tested on local lesion 
host, C. amaranticolor Coste and Reyn. The virus in crude sap was 
found to be infectious upto a dilution of lO"* but no local lesions 
were found when the sap was diluted to 10'^  (Tables 5.1). 
Therefore, the dilution end point of the virus is between 10"* and 
10-5. 
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Table 5.1 : Effect of dilution of sap on the infectivity of 
Launaea mosaic virus. 
Dilution Number of local lesions/leaf* 
Undiluted 42 
10-' 29 
10-2 18 
10-^  12 
10-" 03 
10-' 00 
10-^  00 
10-' 00 
*Average number of local lesions/leaf based on 24 leaves of C. 
amaranticolor 
Thermal inactivation point (TIP) 
The virus in crude sap was found to be infectious after 
being heated for 10 min. at SO^ C but was found to be inactive 
after being heated at SS^C for 10 min. (Table 5.2). 
Table 5.2 : Effect of temperature on the stability of launaea 
mosaic virus. 
Temperature No. of local lesions/leaf* 
Room temperature (20±5''C) 
35 
40 
45 
50 
55 
60 
65 
70 
75 
45 
32 
27 
12 
05 
00 
00 
00 
00 
00 
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* Average no. of local lesions/leaf based on three experiments with 
3 plants of C. amaranticolor having 8 leaves each. 
Thus, the thermal inactivation point (TIP) of the virus lies 
between SO C^ and SS^C. 
Longevity in vitro (LIV) 
The crude sap from propagation host was obtained and 
divided into two parts. One was kept at room temperature 
(20±5"C) and the other in a refrigerator (4°C). Each sample was 
assayed separately on C. 
Table 5.3 : Effect of storage on the infectivity of the 
Launaea mosaic virus in plant sap at room 
temperature 
Storage in hours Average no. of local lesions/leaf* 
06 41 
12 36 
24 25 
36 16 
48 11 
60 08 
72 05 
84 03 
96 00 
108 00 
*Average no. of local lesions/leaf based on 3 experiment^ with 3 
plants of C. amaranticolor having 8 leaves each. 
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Table 5.4 : Effect of storage on the infectivity of Launaea 
mosaic virus in plant sap at 4"C 
Storage in hours & days Average no. of local lesions/leaf* 
00 43 
12 38 
24 1 37 
36 31 
48 2 28 ^**-^'^v -* ^ 
60 24 
72 3 18 
84 15 
96 4 12 
108 10 
120 5 08 
132 07 
144 6 04 
156 02 
168 7 00 
180 00 
192 8 00 
* Average no. of local lesions/leaf based on 3 experiments with 3 
plants of C. amaranticolor having 8 leaves each. 
amaranticolor after a specific period of storage (Tables 5.3 & 
5.4). The virus was found to retain infectivity for 84 h at room 
temperature and 156 h at 4°C 
6. PURIFICATION 
(i) Selection of propagation host 
Six hosts of the virus causing mosaic disease in launaea 
viz. Nicotiana glutinosa, N. tabacum cv. Bhopali Pakra, A^ . 
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tabacum cv. Jayasri, N. tabacum cv. CTRI Special, Datura metel 
and D. stramonium were compared with regard to virus 
concentration using C. amaranticolor as a local lesion host. The 
results show (Table 6.1) that the virus reached its maximum 
concentration in A^ . glutinosa, N. tabacum cv. Bhopali Pakra 
and N. tabacum cv. Jayasri after 18 days of inoculation, and in 
A^ . tabacum cv. CTRI Special after 16 days of inoculations. In 
D. stramonium the maximum concentration was reached 14 days 
after inoculation. However, the maximum concentration of the 
virus in D. metel was reached 12 days after inoculation. The 
concentration of virus in D. metel was also found to be higher 
in comparison to others. 
Thus D. metel was selected and routinely used as 
propagation host for purification due to sufficient availability of 
plants, early growth and maximum concentration of the virus was 
attained in a shorter period. 
Table 6.1 : Concentration of launaea mosaic virus in 
different hosts at different Intervals after 
inoculation. 
Hosts Average no. of local lesions/leaf 
Days after inoculation 
2 4 6 8 10 12 14 16 18 20 22 
N. 
N. 
N. 
N. 
D. 
glutinosa 
tabacum cv. 
tabacum cv. 
tabacum cv. 
metel 
Bhopali Pakra 
Jayasri 
CTRI special 
0 
0 
0 
0 
0 
4 
5 
4 
6 
9 
D. stramonium 
15 19 24 26 27 29 32 27 25 
14 17 22 26 29 32 35 33 29 
12 15 16 19 22 26 29 26 24 
17 26 29 32 35 38 34 31 28 
22 33 41 45 43 38 35 32 30 
0 6 18 25 31 34 39 35 32 29 26 
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* Average number of local lesions/leaf based on 24 leaves of C. 
amaranticolor 
(ii) Concentration of the virus in different parts of the 
propagation host 
Table 6.2 : Concentration of the virus in different parts of 
D. metel plants after 12 days of inoculation 
Parts of plantNo. of local lesion/leaf* Relative infectivity (%) 
Leaf 45 100 
Stem 32 71.1 
Root 13 28.9 
Flower 29 64.4 
•Average number of local lesions/leaf based on 24 leaves of C. 
amaranticolor. 
Results presented in Table 6.2 and Fig. 6.1 show that the 
virus concentration was maximum in leaf tissue followed by 
stem, flower and root. 
(iii) Effect of buffers 
Effects of acetate, boric acid borax, citrate and phosphate 
buffers of different pH values was compared for extraction of 
Launaea mosaic virus from infected leaves of D. metel plants. 
Results presented in the Table 6.3 and Fig. 6.2 indicated 
that the maximum infectivity was obtained with phosphate 
buffer pH 6.8. 
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Fig. 6.1 
Concentration of LaMV in Different Parts 
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Table 6.3 : Effect of various buffers at different pH levels 
on the infectivity of Launaea mosaic virus 
Buffer pH No. of local lesions/leaf* 
Acetate 
Boric acid Borax 
Citrate 
Phosphate 
6.0 
5.5 
5.0 
4.5 
4.0 
9.0 
8.6 
8.0 
7.6 
6.0 
5.6 
5.2 
4.8 
4.0 
7.5 
7.2 
7.0 
6.8 
6.6 
6.4 
6.0 
15 
22 
12 
05 
0 
06 
13 
21 
15 
25 
21 
14 
10 
07 
30 
32 
39 
43 
40 
36 
31 
*Average no. of local lesions/leaf based on 24 leaves of C. 
amaranticolor. 
(iv) Effect of molarity 
Attempts were made to determine the most suitable molarity 
(ionic strength) of the phosphate buffer (pH 6.8) for virus 
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infectivity. At different molarities the virus infected leaves of D. 
metel were macerated in phosphate buffer, pH 6.8 separately. The 
samples were assayed on local lesion host, C. amaranticolor to 
compare virus infectivity. 
It is clear from the Table 6.4 and Fig. 6.3 that the 
extraction of infected leaves in 0.2M phosphate buffer at pH 6.8 
gave the highest infectivity. 
Table 6.4 : Effect of molarity of phosphate buffer pH 6.8 
on the infectivity of LaMV. 
Molarity No. of local lesion/leaf* Relative infectivity 
O.OIM 29 64.4 
0.05M 33 73.3 
O.IM 39 86.7 
0.2M 45 100 
l.OM 40 88.9 
2.0M 31 68.9 
*Average number of local lesions/leaf based on 24 leaves of C. 
amaranticolor. 
Thus, for the extraction of virus from infected tissues and 
maintaining the extracts at different stages of purification, 0.2M 
phosphate buffer pH 6.8 was found to be suitable at which virus 
infectivity was highest, 
(v) Effect of additives on the infectivity of virus 
Results presented in the Table 6.5 and Fig. 6.4 indicate that 
the combination of 1% sodium sulphite and 0.1% 
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Fig. 6.3 
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Molarity 
ethylenediamine tetra acetic acid (EDTA) when added to the 
extraction medium elevates the infectivity of LaMV by 15.8%. 
Therefore, the combination of sodium sulphite (0.1%)and EDTA 
(0.1%) was mixed with phosphate buffer (0.2M, pH 6.8) for 
extration of infectious sap. 
Table 6.5 : Effect of additives on the infectivity of LaMV. 
AdditivesNo. of local lesion/leaf* Relative infectivity (%) 
Control 38 100 
A 40 105.3 
B 39 102.6 
C 36 94.7 
A+B 44 115.8 
A+C 33 86.8 
B+C 35 92.1 
•Average number of local lesion/leaf based on 24 leaves of C. 
amaranticolor. 
A = Sodium sulphite (0.1%) 
B = EDTA (0.1%) 
C = Thioglycolic acid (0.1%) 
(vi) Clarification of extract 
By organic solvent 
Sap extracted from infected D. metel in extraction buffer 
(phosphate buffer 0.2M, pH 6.8), containing 0.1% Sodium 
sulphite and 0.1% EDTA was mixed with different organic 
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solvents either alone or in different combinations and incubated for 
15min. at 4**C. Samples were centrifuged for 10 min. at 8,000 
rpm. The aqueous layer was separated and assayed on local lesion 
host, C. amaranticolor. Sap extracted from infected D. metel 
leaves in extraction buffer only was used as control. 
Results presented in Table 6.6 Fig. 6.5 revealed that 
butanol, carbon tetrachloride and their mixture with each other 
(1:1) showed adverse effect on virus infectivity when added after 
extraction of sap. But the chilled chloroform (30%) added to the 
extract showed increased infectivity. 
Table 6.6 : Effect of some organic solvents on the 
infectivity of LaMV. 
Organic Solvents ** Final % of organic 
solvent Average 
-
30 
20 
20 
20 
20 
20 
No. of local 
lesions/ieaf* 
36 
43 
22 
20 
17 
15 
17 
Control 
A 
B 
C 
A + B (a) 
B + C (a) 
A + C (a) 
*Average no. of local lesions/leaf based on 24 leaves of C. 
amaranticolor. 
**A = Chloroform; B = Butanol; C = Carbon Tetrachloride 
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(vii) Precipitation of virus with polyethylene glycol (PEG) 
Precipitation of LaMV from the supernatant obtained after low 
speed centrifugation was attempted with different concentration 
(2,4,6 and 8%) of polyethylene glycol (PEG, 6,000 MW) and 
(0.125%) NaCl. The precipitate obtained in each case was 
suspended in extraction buffer and centrifuged at 10,000 rpm for 
10 min. The supernatant after diluting it with extraction buffer to 
bring it to the original volume was inoculated on assay host, C. 
amaranticolor to find out whether the virus is precipitated by PEG 
under experimental conditions. The clarified preparation obtained 
after low speed centrifugation was also inoculated on C. 
amaranticolor for comparison of virus infectivity. 
The results given in Table 6.7 indicate that the maximum 
recovery of the virus was with 6% PEG and 0.125% NaCl. 
Table 6.7 : Effect of PEG and NaCl on the precipitation of 
LaMV. 
PEG (6,000 MW) with Average No. of local lesion/Ieaf* 
NaCl (0.125%) 
Control 38 
02 40 
04 42 
06 45 
08 42 
10 39 
•Average no. of local lesions/leaf based on 24 leaves of C. 
amaranticolor. 
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PURIFICATION PROCEDURE 
Grind 200 g infected leaves of D. metel in 200 ml of cold phosphate 
buffer (0.2M pH 6.8) containing 0.1% sodium sulphite and 0.1% EDTA 
Squeeze through cheese cloth 
Emulsify the extract with 30% chloroform for 10 min. 
i 
Centrifuge at, 6,000 rpm for 10 min. 
i 1 
Pellet + chloroform phase Supernatant* (Aqueous phase) 
4- 4" 
Discard Add 6% PEG+0,125%NaCl 
i 
Stir for 2 h 
i 
keep at 4"C for Ih 
4-
Centrifuge, at 9,000 for 20 min. 
I ^ 1 
Pellet* Supernatant 
i 
Suspended in 12 ml of 0.2M phosphate buffer pH 6.8 
4^  
Keep overnight at 4°C 
4' 
Centrifuge at 10,000,rpm for 10 min. 
J ' X 
Pellet Supernatant* 
i i 
Discard Centrifuged. at 35,000 rpm for 2 h. 
>t ' — X 
Supernatant Pellet 
i i 
Discard Suspended in 0.2M phosphate buffer pH 6.8 
4-
Centrifuged, at 9,000 rpm for lOmin. 
t ' X 
Pellet Supernatant* 
i (Partially purified virus suspension) 
Discard 
*Assayed for virus infectivity on local lesion host C. amaranticolor (Table. 6.8) 
Fig. 6.6 : Flow diagram for the purification oi Launaea mosaic 
virus. 
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The partially purified virus suspension was milky white and 
highly infections. Hence the procedure detailed in the flow 
diagram (Fig. 6.6) seems to be a suitable method for the 
isolation of Launaea mosaic virus. 
Table 6.8 : Relative infectivity of LaMV at different steps of 
purification 
Steps of purification No. of local Percent relative 
lesions/ieaf* infectivity 
Control 44 100 
Supernatant after 
1st low speed+ 36 81.8 
PEG(6%)+0.125% NaCl 
Precipitation++ 28 63.3 
Supernatant after differential 
centrifugation++* 21 47.7 
•Average no. of local lesions/leaf based on 24 leaves on C. 
amaranticolor. 
(viii)Density Gradient Centrifugation 
Further purification of launaea mosaic virus was achieved 
by rate zonal density gradient centrifugation. Two ml of partially 
purified virus suspension was loaded on sucrose density gradients 
and centrifuged for 2 h at 25,000 rpm in a Beckman SW 25.1 
rotor. The tubes when examined in a dark room by projecting a 
narrow beam of light down the tube from the top showed a 
light scattering band (Fig. 6.7). This light scattering band was 
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Fig. 6.7 : Sucrose gradient columa witli single light 
scattering band of launaea mosaic virus. 
consistently present. Symptoms typical of LaMV were induced 
when material removed from the light scattering band was 
inoculated on C. amaranticolor and D. metel. This light 
scattering band was removed and mixed with buffer (0.2M pH 
6.8) and centrifuged at 32,000 rpm for 2 h. Pellet was 
resuspended in phosphate buffer (0.2M pH 6.8) and centrifuged 
at 6,000 rpm for 10 min. The resultant supernatant was clear 
and treated as purified virus. 
7. UV-ABSORPTION SPECTRUM 
The purified virus suspension obtained after density gradient 
centrifugation was examined in an UV-visible recording spectro-
photometer. Information regarding the UV-absorption spectra of 
suitably diluted purified virus sample are presented in Table 7.1. 
Fig. 7.1 
Table 7.1:Information derived from UV-spectrum curve of LaMV 
A maximum 258 
A minimum 240 
A /A . 1.075 
max mm. 
A at 260 nm 0.453 
A at 280 nm 0.389 
AVA.SO 1-1645 
^JKo 0.8587 
Nucleic acid per cent 5.5245 
(Gibbs and Harrison, 1976) 
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Purified preparation gave a UV-spectrum (200-310 nm) a 
typical of nucleoproteins (Fig. 7.1). Maximum and minimum 
absorbance was recorded at 258 and 240 nm respectively. 
Amount of nucleic acid in the virus was calculated to be about 
5.52% by interpolation of the observed data on Ajg^ /A g^o ratio in 
the graph (Gibbs & Harrison, 1976). 
8. PHYSICO-CHEMICAL PROPERTIES OF THE VIRUS 
(i) RNA percent of Launaea mosaic virus 
The RNA percentage of present virus isolate is 5.52. It was 
determined by using quadratic regression line and equation 
relationship as described by Gibbs and Harrison (1976). 
^260/^ 280 = 0-9320 + 0.0454 (RNA%) - 0.0006 (RNA%)2 
Let the RNA% = x 
1.1645 = 0.9320+0.0454(x) - 0.0006 (x)^  
1.1645 = 0.9320+0.0454x-0.0006x2 
0.0006x2 - 0.0454X - 0.9320+1.1645 - 0 
0.0006x2 - 0.0454X + 0.2325 = 0 
6x2 . 454x + 2325 = 0 
454 ± V 454x454-4x6x2325 
X = 
2x6 
454 ± V206116 - 55800 
X = 
12 
454 ± V150316 
12 
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X 
X 
X 
X 
Her 
454 ± 387.7061 
12 
454 - 387.7061 
12 
66.2939 
12 
= 5.5245 
ice RNA% = +5.52 
(ii) Extinction coefficient of LaMV 
On the basis of the equation and standard curve described 
by Gibbs and Harrison (1976) the extinction coefficient was 
calculated as-
Ej^^ = 1.531 + 0.205 (RNA%) 
= 1.531 + 0.205 X 5.5245 
= 2.6637 
Hence, extinction coefficient of virus is 2.67. 
(iii) Buoyant density in CsCl solution 
The buoyant density of LaMV was calculated by the 
equation (Gibbs and Harrison 1976). 
Buoyant Density = 1.2922 + 0.0011 (RNA%)+ 0.0001 
(RNA%) 0/.\2 
1.2922 + 0.0061 + 0.0001 x (5.5245)^ 
1.2922 + 0.0061 + 0.0001 x 30.5201 
1.2922 + 0.0061 + 0.0031 
1.3013 g/cm^ 
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10 20 30 
RNA% 
40 
Fig. 8.1 Estimation of RNA% of LaMV using quadratic 
regression line described by Gibbs & 
Harrison (1976). 
R N A % 
Fig. 8.2 Estimation of extinction coefficient of 
LaMV using linear regression line described 
by Gibbs & Harisson (1976). 
1.50 
1.45 
- 1.40 
u 
u 
c 
0) 
O 
1.35 
1.30 
0 10 20 30 AO 50 
RNA % 
Fig. 8.3 Determination of density in CsCl soution of 
LaMV using quadratic regression line 
described by Gibbs & Harisson (1976). 
(iv) Partial specific volume 
The partial specific volume of the LaMV was calculated as 
Partial specific volume = 1/Bouyant density 
1/1.3014 
= 0.7684 
(iv) Molecular weight of coat protein 
SDS-EIectrophoresis of purified virus degraded by SDS and 
2-mercaptoethanol showed one major band indicating a single 
type of protein subunit in the virus particles. The molecular 
weight of the protein subunit was estimated by interpolating Rf 
value of viral protein into a graph prepred by simultaneous run 
of the known molecular weight markers (Fig. 8.4). The molecular 
weight of protein subunit was calculated as ca. 33,500 daltons. 
The data were based on average of three separate determinations. 
9. CHARACTERISTIC OF VIRAL NUCLEIC ACID 
(i) Isolation of viral nucleic acid 
Nucleic acid from intact virus particles was isolated by a 
procedure detailed in materials and methods. Positive results 
were obtained when nucleic acid was tested on assay host, C. 
amaranticolor. When the extracted nucleic acid was treated with 
ribonuclease, no infection occurred, whereas the controls were 
infective, suggesting that the infectious preparation was infact 
that of RNA. Infectivity of isolated nucleic acid was compared 
with SI from young infected leaves of D. metel on local lesion 
host, C. amaranticolor, on the basis of dilution. 
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Fig. 8.4 Estimation of Molecular weight of Coat Protein of 
LaMV. 
Table 9.1 : Infectivity of isolated nucleic acid in comparison 
to SI on the basis of dilution 
Dilution Average of local lesions/leaf* 
SI LaMV nucleic acid 
Undiluted 
10-' 
10-2 
10-^  
10'' 
10-5 
38 
25 
19 
09 
02 
00 
13 
09 
05 
03 
00 
00 
* Average number of local lesions/leaf based on 12 leaves of C. 
amaranticolor. 
The results presented in the Table 9.1 show that the 
isolated nucleic acid was about 10% infections as compared to 
the infectivity of SI. 
(ii) Type of nucleic acid 
The nucleic acid of LaMV displayed a blue colour in the 
orcinol reaction after placing in water bath (at boiling 
temperature) for 45 min. while the diphenylamine reaction could 
not change colour. It indicates that the nucleic acid of LaMV is 
RNA. 
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10. ELECTRON MICROSCOPY 
(i) Morphology of the virus particles 
Samples removed from the visible infectious zone in 
density gradient tube were diluted with buffer and sucrose was 
removed by pelletting the virus by a high speed centrifugation. 
The pellet was resuspended in phosphate buffer (0.2M, pH 6.8) 
and the suspension clarified by centrifuging at 6,000 rpm for 10 
min. The suspension was examined in JEOL-JEM-IOOS electron 
microscope. Negatively stained preparation revealed the presence 
of flexuous rods c. 730 nm long and 12nm wide (Fig. 10.1). 
(ii) Ultrastructural studies 
When ultrathin sections of infected D. metel leaves were 
examined in an electron microscope, they revealed cytoplasmic 
cylindrical inclusions comprising pinwheels, scrolls and lamellar 
aggegates. Beside these, electron dense (proteinaceous) 
crystalline inclusions were also observed. 
11. IMMUNOSORBENT ELECTRON MIROSCOPY (ISEM) 
(i) Trapping 
Maximum number of virus particles were trapped on DLDV, 
PTV and PRSV antiserum coated grids, PVS and PVA antiserum 
trapped minimum number of launaea mosaic virus particles (Table 
11.1). 
Therefore, on the basis of trapping, it is concluded that the 
LaMV is closely related to DLDV, PTV and PRSV. 
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Fig. 10.1 Electron micrograph showing flexuous rods (730 
nm X 12 nm) from negatively stained preparation of 
clarified virus concentration obtained from infected 
leaves of D. metel. Bar = 500 nm. 
Fig. 10.2 Electron micrograph showing cylindrical inclusions 
in the cytoplasm of virus infected cells of D. metel. 
Inclusions comprise pinwheels (Pw), Scrolls (Sc) 
and lamellar aggregates (La). Bar = 500 nm. 
(ii) Decoration of virus particles 
Very good decoration of launaea mosaic virus was observed 
with DLDV, PTV and PRSV. Fair decoration occurred with TEV. 
PVY, PVA, BCMV, BYMV and TuMV showed poor decoration. 
Table 11.1 : Trapping index of LaMV with different antisera 
* * Antiserum to Virus*** No. of virions trapped* Trapping index 
DLDV 5.0 10 
PRSV 4.0 8 
PTV 4.5 9 
PVY 2.0 4 
PVA 1.5 3 
TEV 3.0 6 
ZYMV 2.0 4 
BCMV 2.5 5 
BYMV 2.0 4 
TuMV 2.5 5 
PVX 0.5 1 
PVS 0.0 
PVM 0.0 
Normal serum 0.5 
*No. of virus particles observed per 20 cm^ screen area at 
21,000 displayed magnification 
Virions trapped with antiserum 
Virions trapped with normal serum 
* * * 
DLDV = Datura leaf distortion virus 
PRSV = Papaya ring spot virus 
PTV = Peru tomato virus 
PVY = Potato virus Y 
PVA = Potato virus A 
TEV = Tobacco etch virus 
ZYMV = Zucchini yellow mosaic virus 
BCMV = Bean common mosaic virus 
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TuMV = Turnip mosaic virus 
PVX = Potato virus X 
PVS = Potato virus S 
PVM = Potato virus M 
Table 11.2 : Decoration behaviour of launaea mosaic virus 
with different antisera in lEM on solid phase* 
Antiserum to Virus Degree of 
Decoration** 
Rema rks/Comments 
DLDV 
PTV 
PRSV 
PVY 
TEV 
PVA 
ZYMV 
BCMV 
BYMV 
TuMV 
PVX 
PVS 
PVM 
Very good 
Very good 
Very good 
Poor 
Fair 
Poor 
Poor 
Poor 
Poor 
Poor 
Nil 
Nil 
Nil 
virions not 
dislodged whether 
fixed or unfixed*** 
-do-
Unfixed virions get 
dislodged only 
fixed area were 
retained 
Virions dislodged 
* Solid phase - Virions were immunosorbed on antiserum coated 
grid. 
** Degree of decoration : Very good - virions fully covered 
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Fig. 11.1 Electron micrograph showing LaMV particles 
trapped and decorated with antiserum to DLDV. A 
very good binding of antibodies is clearly 
disernable. Bar=250 nm. 
Fig. 11.2 Electron micrograph showing LaMV particles 
trapped and decorated with antiserum to PTV. A 
very good binding of antibodies is clearly 
disernable. Bar = 250 nm 
Fig. 11.3 Electron micrograph showing LaMV particle 
trapped and decorated with antiserum to PRSV. 
Moderately good binding of antibodies is clearly 
disernable. Bar=250 nm. 
Fig. 11.4 Electron micrograph showing LaMV particles 
trapped and decorated with antiserum to TEV. Fair 
binding of antibodies is disernable. Bar = 250 nm. 
with antibodies. Fair = Virions fairly covered with antibodies; 
Week = only a few sites of the virion covered with 
antibodies; Poor = virtually no perceptible antibody covering 
***Unfixed : No fixation of virions after trapping; Fixed = 
trapped virions were fixed with 3% buffered glutaraldehyde 
for Ih at room temperature prior to incubation with 
antiserum. 
Table 11.3 : Clumping and decoration behaviour of launaea 
mosaic virus with different antisera in liquid 
phase* 
Antiserum to virus 
and decoration 
Degree of clumping Remarks/ 
Comments 
DLDV 
PTV 
PRSV 
TEV 
PVY 
TuMV 
ZYMV 
BCMV 
BYMV 
PVA 
PVX 
PVS 
PVM 
Moderately large clumps 
and very good decoration 
Small clumps and good 
decoration 
Very small clumps and fair 
decoration 
No clumps and poor 
decoration 
No clumps & no decoration 
Integrity of 
virions was 
maintained 
*Antiserum diluted in extraction buffer. 
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12. SEROLOGY 
Homologous reaction : 
Tube precipitin test 
With the help of precipitin tests carried out with different 
combinations of antigen and antiserum (using combination of two 
fold dilution of antigen and antiserum), the titre of the antiserum 
was found to be 1:2048 and the antigen end point 1:512 (Table 
12.1). 
Ouchterlony gel double diffusion tests 
Double diffusion tests in plates were carried out using 
phosphate buffer (0.2M, pH 6.8) containing 0.8% agarose with 
sodium azide (0.02%), where visible and clear immunoprecipitin 
band was formed. Although sodium azide had no effect on the 
formation of precipitin band, but it was preferred for keeping gel 
medium free from microbial contamination. Viral antigen 
{Launaea mosaic virus) suspended in extraction buffer showed 
best results. Double diffusion tests in which purified preparation of 
LaMV, sap from infected D. mete! leaves and sap extracted from 
healthy D. metel leaves were set up in the wells, surrounding a 
central well containing LaMV antiserum. Precipitin lines were 
formed between the antiserum well and the well containing 
purified virus preparation and also between the antiserum well and 
the well containing sap extracted from infected D. metel leaves. 
No precipitin line was found between the antiserum well and the 
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Fig. 12.1 
Fig. 12.2 
Double diffusion test in agar with LaMV and its 
antiserum. Central well contains LaMV antiserum, 
Well No. 1 sap from LaMV infected D. metel leaves, 
Well No. 2 purified preparation of LaMV and Well 
No. 3 sap from healthy D. metel leaves. 
Double diffusion test in agar with LaMV antigen 
aiid antisera of different viruses. Central well 
contains LaMV antigen, Well No. 1 cotnains 
antiserum to DLDV, Well No. 2 antiserum to PTV, 
Well No. 3 antiserum to PRSV, Well No. 4 
antiserum to PVS, Well No. 5 antiserum to PVA and 
Well No. 6 antiserum to TEV. 
well in which sap from healthy D. metel leaves was set up. 
(Fig. 12.1) 
Heterologous reaction 
Immunodiffusion tests in gel were performed using launaea 
mosaic virus preparation as antigen and the antisera of different 
virus isolates having similar particle morphology. 
Antisera of Datura leaf distortion virus (DLDV), Peru 
tomato virus (PTV) Papaya ring spot virus (PRSV), Potato virus 
S (PVS), Potato virus A (PVA) and Tobacco etch virus (TEV) 
were used for determining serological relationship of LaMV. 
The results of immunodiffusion tests performed three times 
indicate that the launaea mosaic virus is closely related to 
DLDV, PRSV and PTV against which it gave strong reactions 
and produced very sharp and clear precipitin bands. No bands 
were observed against PVS, PVA and TEV. (Fig. 12.2) 
13. DETECTION BY REVERSE TRANCRIPTION 
POLYMERASE CHAIN REACTION (RT-PCR): 
On agarose gel an amlification product of 335 bp was obtained 
as expected in the well number 1 (containing virus infected 
plant sample) using potyvirus group specific primer pair. While no 
amplification was observed in the RNA of healthy plant samples 
(well number 2 & 3) (fig. 13.1). 
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335 to 
Fig. 13,1. Gel photograph showing PCR amplified 
product of 335 bp using primer pair specific for 
potyvirus group. 
Lane 1: showing amplified product of 335 bp in 
infected plant. 
Lane 2 85 3: No amplification in the healthy plant 
Lane 4: DNA ladder (500 bp) 
DISCUSS t ^ 
DISCUSSION / ?.' ' ' T--^d3^->,<', 
Launaea (Launaea aspleniifolia Hook f.) is a weed widely 
found in Northern India. During a survey of virus diseases of 
weeds, a mosaic disease of launaea was found to be prevalent in 
and around Aligarh district. Investigations were carried out to 
establish the identity of the causal agent of the disease. 
The disease was transmitted with ease by mechanical sap 
inoculation, by two species of aphids viz. aphis craccivora and 
Myzus persicae in non-persistent manner and by grafting but 
dodder (Cuscuta reflexa), soil and seeds failed to transmit the 
disease. Experimental host range studies revealed that the virus 
under study has a moderate host range. Out of sixty four plant 
species belonging to fourteen families, twenty six plant species 
belonging to nine families viz. Malvaceae, Achyranthaceae, 
Amaranthaceae, Apiaceae, Brassicaceae, Asteraceae, Solanaceae, 
Chenopodiaceae and Fabaceae were found susceptible to the 
virus. Most of the hosts were in the families Solanaceae and 
Chenopodiaceae. Datura metel was used as a propagation host. 
Chenopodium amaranticolor and C. murale were found to be 
good local lesion hosts for the virus but the former being most 
suitable was used for the quantitative assay. 
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Launaea mosaic virus in crude sap of propagation host 
retained its infectivity at SO^ C for 10 min. and at a dilution of 
10"*, but the virus lost its infectivity at a dilution of 10"^  and 
after heating for 10 min. at SS^C. In crude sap of propagation 
host virus retained infectivity upto 84 h at room temperature and 
for about 156 h. at 4''C. The virus attained highest concentration 
12 days after mechanical inoculation in the leaves of D. metel. 
Phosphate buffer (0.2M, pH 6.8) containing sodium sulphite 
(0.1%) and EDTA (0.1%) was found to be the most suitable 
extraction medium. Clarification of the crude sap was achieved 
by emulsification with 30% chilled chloroform. Purification of 
launaea mosaic virus involved precipitation of the virus from 
clarified extract with 6% PEG and 0.125% NaCl. Suspension of 
the precipitate in 0.2M phosphate buffer pH 6.8 was followed 
by one cycle of differential centrifugation. Further purification 
was achieved by rate zonal density gradient centrifugation in 
sucrose columns. After centrifugation for 2 h, the tube when 
examined in a dark room by projecting a narrow beam of light 
down the tube from the top showed a light scattering band. 
Infectivity was found associated with this band. 
The purified preparation gave an UV-spectrum characteristic 
of nucleoproteins with ^2J^2%Q ^^*'^  °^ 1:164 indicating 
approximately 5.52% nucleic acid (RNA) in the virus particle. 
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SDS-PAGE of viral capsid showed only one type of protein 
sub-unit with a molecular weight of c. 33,500 daltons. 
Electron microscope studies of purified virus preparation 
revealed the presence of flexuous rods c. 730 nm long and 12 
nm wide. 
Ultrathin sections of infected D. metel leaves showed 
cytoplasmic cylindrical inclusions comprising pinwheels, scrolls 
and lamellar aggregates. 
Antiserum against the LaMV raised in rabbit showed a titre 
of 1:2048 in tube precipitin tests. Immunosorbent electron 
microscopy and immunodiffusion (heterologous) tests revealed 
that the virus is closely related with Datura leaf distortion virus 
(DLDV), Peru tomato virus (PTV) and Papaya ring spot virus 
(PRSV). 
The screening of the literature revealed that not much work 
has been carried out on the viruses infecting launaea. A virus 
causing mosaic disease on launaea was purified and characterised 
by Naqvi and Mahmood (1976). The virus reported by them has 
spherical particles of 30-35 nm diameter. Another report of virus 
infection on launaea (Padma et al. 1973) was restricted on the 
transmission and host range only. The morphology of a virus 
infecting launaea was given by Verma and Singh (1975). They 
reported thread like particles measuring 750-930 nm x 16-18 nm 
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possibily a potyvirus. However, this meagre information is 
insufficient to make a valid comparison with LaMV. 
The LaMV isolate showed close serological relationship 
with Datura leaf distortion virus (DLDV), Peru tomato virus 
(PTV) and Papaya ringspot virus (PRSV). Comparison with these 
viruses is imperative to establish the identity of the virus 
isolated from launaea. 
PVT resembles LaMV in mode of transmission and some 
physical properties in crude sap but has a much longer 
longevity in vitro. PTV shows strong serological relationship with 
PVY and a remote relationship with TEV (Fribourg, 1979) 
whereas LaMV shows no serological reaction with PVY and 
TEV. PTV has some hosts in common with LaMV but is 
restricted to families Chenopodiaceae and Solanaceae only 
whereas LaMV infects plants in nine families. LaMV though 
showing serological relationship with PTV does not appear to be 
the same virus or strain due to significant difference in its 
longevity in vitro, absence of serological relationship with PVY 
and ability to infect Amaranthus, Vigna and D. stramonium 
which are non-hosts of PTV. 
LaMV shows serological relationship with PRSV. PRSV is 
transmitted by sap and by M. persicae in a non-persistent 
maimer but not by seeds (Purcifull et al, 1984) like the present 
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virus isolate. PRSV differs from LaMV in biophysical properties. 
PRSV infects cucurbits while the present virus did not infect 
any member of the family cucurbitaeae. Molecular weight of 
protein subunit of PRSV ranges between (3.6-3.65 x 10'') which 
also differs from that of LaMV. However, the comparison of 
these two was not established in the same lab conditions. 
LaMV shows close serological relationship with DLDV and 
also shows several properties in common. Symptomology and 
biophysical properties of DLDV (TIP SO^ C) are similar to that of 
LaMV. DLDV is transmitted by mechanical inoculation of sap 
and by M. persicae and A. craccivora in non-persistent manner 
(Prasanna et ah, 1996) like the present virus isolate. The 
morphology and cytoplasmic inclusion of the DLDV are also 
similar to that of LaMV. The antiserum titre of both the viruses 
is also same i.e. 1:2048. 
However, DLDV is restricted to family Solanaceae whereas 
LaMV has a wider host range infecting twenty six plant species 
in nine families. Lycopersicon lycopersicum, a host of LaMV is 
not infected by DLDV. No reaction is evoked on C. 
amaranticolor by DLDV which is a local lesion host of LaMV. 
A comparison as to the size of the particles is not possible as 
Prasanna et al. (1996) have not reported the actual size of 
DLDV particle. 
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A virus causing mosaic disease on launaea {L. aspleniifolia) 
has been tentatively identified as a member of potato virus Y 
group (Brunt, 1991). However, its particle morphology, aphid 
transmissibility, serological relationship, RNA percentage, buoyant 
density and ability to induce cytoplasmic inclusions in hosts cells 
place the virus isolate that we reported as a potyvirus group as 
defined by Rollings and Brunt in 1981 and can be elevated to a 
new genus of the Potyviridae family. The close serological 
relationships between LaMV and DLDV tempts one to conclude 
that it is a strain of DLDV but differences in biological 
characteristics, A^ gg/jgo ^^ ^^ ° ^^ -^^ ^ ^°^ DLDV suggestive of higher 
amount of nucleic acid than that of LaMV indicates that launaea 
mosaic virus is a tentatively distinct virus of poty virus group. 
In RT-PCR, an amlification product of 335 bp (using 
potyvirus group specific primer pair) also confirmed the present 
virus isolate to be a member of potyvirus group. 
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